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Abstract: Efficient grain cleaning is essential for improving food quality, reducing post-harvest losses,
and enhancing the market value of agricultural produce. Among the various grain cleaning technologies,
mechanical destoners play a vital role in separating stones and other dense impurities from grains based
on differences in specific weight. Traditional destoners require manual adjustment of operating
parameters, resulting in lower efficiency and inconsistent output quality. Recent developments in
automation, mechatronics, sensors, pneumatic systems, and Programmable Logic Controllers (PLCs)
have significantly improved the performance of destoning equipment. This review examines the evolution
of PLC-based automated mechanical destoners, their working principles, major technological
advancements, control systems, and economic benefits. The study highlights how automation contributes
to increased productivity, improved grain quality, reduced labor requirements, and enhanced
operational reliability. Future research opportunities involving IoT integration, artificial intelligence,
and smart sensing technologies are also discussed.
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I. INTRODUCTION
Post-harvest processing is a critical stage in agricultural production. Grain cleaning and grading operations directly
influence product quality, storage stability, and market value. The presence of impurities such as stones, dust, chaff,
and weed seeds reduces the quality of grains intended for consumption or seed production.
Mechanical destoners are widely used to separate stones and heavy foreign materials from grains by utilizing
differences in density and surface characteristics. However, conventional destoners depend heavily on manual
adjustment of deck inclination, vibration frequency, and airflow rate. Such dependence on operator skill often results in
inconsistent performance and reduced productivity.
The rapid development of automation technologies has encouraged researchers and industries to adopt PLC-controlled
destoning systems. These automated systems combine mechanical, pneumatic, hydraulic, and electronic technologies to
improve separation efficiency while minimizing operational errors. This review presents a comprehensive analysis of
recent developments in automated mechanical destoners.

II. WORKING PRINCIPLE OF MECHANICAL DESTONERS
Mechanical destoners operate based on the principle of specific gravity separation. Grains and impurities are fed onto a
vibrating deck supplied with controlled airflow from beneath. The airflow creates a fluidized bed, allowing heavier
particles such as stones to move differently from lighter grains.
The efficiency of separation depends on three major operating parameters:
e  Deck longitudinal slope.
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e  Deck oscillation speed.
e Airflow rate through blower dampers.
Proper adjustment of these parameters ensures effective separation and improved product quality.

III. EVOLUTION FROM MANUAL TO AUTOMATED DESTONERS

Traditional destoners require operators to manually adjust machine settings for different grain varieties. Such systems
suffer from:

e Long setup times.

e Inconsistent performance.

e High labor dependence.

e Reduced processing efficiency.

e Increased operating costs.
Automation has transformed these machines through the integration of advanced control technologies. Automated
destoners utilize PLC-based control systems capable of automatically adjusting operating parameters according to pre-
programmed grain characteristics.

IV. MECHATRONIC TECHNOLOGIES IN AUTOMATED DESTONERS
Modern automated destoners integrate several mechatronic subsystems:
4.1 Pneumo-Hydraulic Systems
Pneumo-hydraulic cylinders are employed for automatic deck slope adjustment. These systems provide synchronized
movement and precise positioning, ensuring uniform operation.

4.2 Electromechanical Actuators
Electromechanical drives regulate oscillation speed and airflow damper positions. Variable-speed mechanisms enable
real-time process optimization.

4.3 Sensor Technologies
Position sensors, speed transducers, and feedback devices continuously monitor machine parameters. Sensor feedback
improves operational accuracy and system reliability.

4.4 PLC-Based Control
Programmable Logic Controllers serve as the central control unit. PLCs receive sensor inputs, process operational
requirements, and automatically control actuators to achieve desired settings.

V. PLC-BASED AUTOMATION STRATEGIES
Automated destoners generally operate in two modes:
Auto Mode
In Auto Mode, the operator selects the grain type, and the PLC automatically configures:
Deck slope.
Oscillation speed.
Airflow settings.
Pre-stored parameter databases allow rapid machine setup and consistent performance.
Semi-Auto Mode
Semi-Auto Mode allows operators to manually adjust parameters using push-button controls while maintaining safety
interlocks and feedback monitoring.
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VI. PERFORMANCE BENEFITS OF AUTOMATED DESTONERS

Research studies indicate significant advantages of PLC-based automation:

e  Production increase of approximately 13—15%.

e Processing capacity exceeding 8,000 tons per season.

e Reduction in labor costs by nearly 20%.

e Reduction in power consumption by approximately 39%.

e Total processing cost reduction exceeding 50%.

e  Product value enhancement of 25-40% due to improved grain quality.

e Automation also reduces operator dependency and ensures repeatable processing conditions.

VII. ECONOMIC AND INDUSTRIAL IMPACT
The adoption of automated destoners offers substantial economic benefits for farmers and grain processing industries.
Improved cleaning quality enables access to premium domestic and export markets. Although automation requires
initial investment, studies indicate that the cost can often be recovered within a single processing season through
increased productivity and value addition.
Furthermore, automated systems contribute to sustainable agricultural development by reducing post-harvest losses and
improving resource utilization.

VIII. FUTURE RESEARCH DIRECTIONS

Emerging technologies present several opportunities for further advancement:

e Internet of Things (IoT)-enabled remote monitoring.

e Artificial Intelligence-based parameter optimization.

e  Machine learning-assisted grain classification.

e  Smart sensor networks for real-time quality assessment.

e Cloud-based process management systems.
Integration of these technologies can further improve operational efficiency and support Industry 4.0 applications in
agricultural processing.

IX. CONCLUSION
PLC-based automated mechanical destoners represent a significant advancement in grain cleaning technology. By
integrating mechatronics, sensor systems, pneumatics, hydraulics, and intelligent control strategies, these systems
achieve superior cleaning efficiency, improved product quality, and reduced operating costs. The reviewed literature
demonstrates that automation not only enhances processing performance but also contributes to higher economic
returns for farmers and processors. Future developments involving IoT and Al technologies are expected to further
revolutionize grain cleaning operations and strengthen the agricultural processing sector.
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