P wwiierpeon 1SS 2456-9992  Page: 01-05 FAQGV‘GIW
* . rticle

E%' ;| International Journal Advanced Research
Publications Issue: 02

OIL FUME CLEANING MACHINE

axUttkarsh Ashok Nishad, bMitanshu Vijay Gangurde, cProf. T.C. Jagtap Sir

a.Student, Mechanical Department, Sandip Foundation’s Sandip Polytechnic, Mahiravani,
Nashik-422313, India.
bh.a.Student, Mechanical Department, Sandip Foundation’s Sandip Polytechnic, Mahiravani,
Nashik-422313, India.
°c.a.Student, Mechanical Department, Sandip Foundation’s Sandip Polytechnic, Mahiravani,
Nashik-422313, India.

Avrticle Received: 18 January 2026, Article Revised: 07 February 2026, Published on: 27 February 2026

*Corresponding Author: Uttkarsh Ashok Nishad
Student, Mechanical Department, Sandip Foundation’s Sandip Polytechnic, Mahiravani, Nashik-422313, India.
DOI: https://doi-doi.org/101555/ijarp.6735

INTRODUCTION

In modern commercial kitchens and food-processing units, oil fumes and grease vapors pose
serious environmental, operational, and health challenges. Continuous cooking processes
generate airborne oil particles, smoke, and strong odors that accumulate inside ducts, exhaust
systems, and ventilation pipelines. Over time, this buildup not only reduces airflow efficiency
but also increases the risk of fire hazards and respiratory issues among workers. An Oil Fume
Cleaning Robot is an automated mechanical system specifically designed to remove grease
deposits and contaminants from kitchen exhaust ducts and ventilation channels. By
improving cleaning precision and operational safety, these robots enhance air quality, reduce
maintenance time, and ensure compliance with safety regulations. This paper discusses the
historical development, technological structure, socioeconomic impact, associated challenges,
and future growth prospects of oil fume cleaning robots in industrial and commercial

applications.
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Historical Evolution

Manual Cleaning Era

Initially, kitchen exhaust and duct systems were cleaned entirely through manual labor.
Workers physically entered duct spaces or dismantled exhaust sections to scrape off
accumulated grease using brushes, scrapers, and chemical solvents. This method was time-
consuming and physically demanding. Exposure to toxic fumes, sharp edges, and confined
spaces created significant health and safety risks. Moreover, manual cleaning often failed to
remove grease completely, especially in narrow or complex duct networks. As the scale of

commercial kitchens expanded, manual techniques proved inefficient, costly, and unsafe.

Introduction of Semi-Automatic Systems

4
To address these limitations, semi-automatic systems were introduced. Motorized rotating

brush assemblies and high-pressure spray units improved cleaning efficiency and reduced
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manual effort. However, these systems still required continuous human supervision and
partial dismantling of duct structures. The next technological phase involved the development
of robotic platforms capable of navigating inside ducts using mounted cameras, rotating
brushes, and remote-control mechanisms. This transition marked the beginning of fully

automated oil fume cleaning solution.

Technological Framework

Mechanical Components

An oil fume cleaning robot is typically constructed with a compact chassis supported by
wheels or tracked mobility systems to enable movement within confined ducts. The cleaning
mechanism generally consists of rotating brushes or scraper assemblies that physically
remove grease deposits. In many models, high-pressure water or chemical spray nozzles
assist in dissolving hardened oil layers. A vacuum suction unit is often integrated to collect
loosened debris and prevent recontamination. Inspection cameras with LED lighting are
mounted on the robot to provide real-time visual feedback to operators. The entire structure is
engineered to function efficiently in rectangular or circular duct configurations with limited

accessibility.

Electrical and Control System

The robot operates through DC motors responsible for movement and brush rotation. A
microcontroller or PLC-based control system coordinates navigation, cleaning cycles, and
communication processes. Remote-control systems, either wired or wireless, allow operators
to guide the robot externally. Power is supplied through rechargeable batteries or direct
electrical connections depending on operational requirements. Advanced models incorporate
sensors for obstacle detection, temperature monitoring, and grease thickness analysis,

ensuring adaptive cleaning performance.

Automation and Smart Features

Modern oil fume cleaning robots increasingly incorporate smart technologies. Integrated
cameras transmit real-time video to control panels, enabling precise inspection of duct
interiors. Programmable cleaning sequences automate repetitive tasks, while automatic return
functions enhance operational safety. Some systems are equipped with loT-enabled modules
that allow monitoring through cloud platforms. These features significantly improve cleaning

accuracy, reduce downtime, and enable predictive maintenance
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Socioeconomic Impact

The implementation of oil fume cleaning robots has substantially improved industrial safety
standards. Grease accumulation inside exhaust systems is a primary cause of commercial
kitchen fires. Automated robotic cleaning reduces this risk by ensuring consistent and
thorough maintenance. From an economic perspective, although initial installation costs are
relatively high, robotic systems lower long-term labor expenses, reduce operational
interruptions, and improve productivity. Businesses benefit from shorter maintenance
shutdown periods and enhanced compliance with regulatory standards.

Environmental advantages are also significant. Effective removal of oil fumes improves air
circulation and reduces smoke-related pollution. Cleaner ventilation systems contribute to

healthier working environments and align with environmental sustainability guidelines.

CHALLENGES AND LIMITATIONS

Despite their advantages, oil fume cleaning robots present certain challenges. High capital
investment and maintenance costs can limit adoption among small-scale restaurants.
Mechanical wear and tear require regular servicing of motors, brushes, and sensors to
maintain performance reliability. In addition, complex duct layouts with sharp bends or
vertical shafts may restrict smooth robotic navigation. Limited battery capacity in portable

models can also constrain continuous operation time.

FUTURE PROSPECTS

The future of oil fume cleaning robots is closely linked to advancements in robotics, artificial
intelligence, and smart sensing technologies. Integration of Al-based grease detection
systems will enable autonomous identification of heavily contaminated zones. Machine
vision algorithms may improve navigation accuracy inside complex duct geometries.
Predictive maintenance systems powered by data analytics could reduce unexpected
breakdowns.

Design improvements are expected to focus on compact, lightweight, and modular structures
suitable for narrow duct passages. Sustainability considerations will drive the development of
biodegradable cleaning agents and energy-efficient motor systems. Remote monitoring via
lIoT platforms and mobile applications will further enhance operational transparency and

performance tracking.

CONCLUSION
Oil fume cleaning robots represent a major technological advancement in industrial kitchen
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maintenance. Their progression from manual cleaning techniques to intelligent robotic

systems reflects the growing demand for safety, efficiency, and environmental responsibility.

Although cost and technical barriers remain, continuous innovation in automation and

artificial intelligence is expected to enhance their accessibility and effectiveness. As

commercial food industries continue to expand, oil fume cleaning robots will play a vital role

in maintaining safe, hygienic, and efficient operational environments.
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