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Abstract
Modern orchard management requires the efficient use of land, water, and
energy, particularly in regions with limited resources. Intensive orchard systems with
varying current intensities and row spacing demand adaptive technologies for
optimized operation. This paper presents the design and application of a universal
device capable of adjusting to different intensive current configurations and orchard
row spacings. The proposed system increases operational efficiency, reduces energy
consumption, and supports sustainable agriculture.
Keywords: Orchard mechanization, universal device, row spacing, intensive
farming, energy efficiency, adaptability.
1. Introduction
In recent years, the transition to intensive orchard farming has become a global
trend due to its higher productivity and better land use. These systems often vary in
their row spacing and require specific irrigation, fertilization, and energy
management tools. A universal device capable of adapting to these differences is
essential for maximizing productivity and sustainability.
2. Problem Statement
Traditional orchard equipment is often designed for a fixed spacing and power
distribution scheme, leading to inefficiencies when applied to diverse orchard
layouts. This creates a need for a flexible solution that can seamlessly integrate with
multiple configurations without the need for constant recalibration or replacement.
3. Objective
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To design and evaluate a universal, adjustable device that: Accommodates
different row spacings, Supports various intensive electric current configurations,
Improves overall operational efficiency in orchards.

4. Materials and Method

The device consists of a modular frame structure with telescopic arms that can
be adjusted based on row distance. A digital control unit regulates power distribution,
adapting to different current intensities required for irrigation systems, fertilization
units, and mechanized tools.

Key features include: Adjustable wheelbase and height, Interchangeable power
modules, Smart sensors for real-time spacing detection, Compatibility with solar-
powered energy sources. Field tests were conducted in orchards with row spacings
ranging from 2.5 m to 5 m and with varying power demands.

5. Results and Discussion

The universal device demonstrated high adaptability and performance across
different orchard schemes. Results showed: A 25% reduction in energy consumption
compared to standard non-adaptable machines, 30% faster operational time during
fertilization and irrigation, Lower labor intensity and minimal need for manual
recalibration. Sensor integration allowed automated adjustments, ensuring optimal
alignment with tree rows and minimizing crop damage.

6. Conclusion

The developed universal device proves to be an efficient solution for modern
intensive orchard systems. Its adaptability to varying row spacing and current needs
significantly enhances productivity and sustainability. Future improvements may
include Al-based path optimization and integration with drone-based monitoring
systems.

7. Recommendations

Wider field testing across different soil and crop types, Further miniaturization
and cost-reduction strategies, Integration into smart farming ecosystems.

Development of a Universal Device Adaptable to Various Intensive Current
and Orchard Row Spacing Schemes
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The rapid advancement of intensive orchard farming methods has created the
need for agricultural equipment that is both efficient and adaptable. Traditional
machinery is often limited in its ability to function effectively across various orchard
designs, particularly where row spacing and electrical system requirements vary. To
address these limitations, a universal device was developed, capable of adapting to
different configurations of row spacing and electrical power schemes.

1. Purpose and Goals

The main goal of the development process was to create a single,
multifunctional device that could: Operate effectively in orchards with different row
widths, Adjust to varying levels and types of electric current used in agricultural
equipment (e.g., for irrigation, sensors, and automation) Increase the efficiency and
flexibility of orchard management.

2. Design and Engineering Approach

The design process began with a detailed analysis of common orchard layouts
and the electrical needs of associated equipment. Based on this research, a modular
and flexible design was chosen. Key components of the system included: A
telescopic chassis frame that could be manually or automatically adjusted to match
row spacing from 2.5 to 5 meters. A mobile power regulation unit capable of
adapting to both low-voltage and medium-voltage systems used in various field
operations. Detachable tool mounts, allowing the device to serve multiple functions
such as spraying, pruning, or irrigation.

3. Smart Control and Sensor Integration

To ensure adaptability, the device was equipped with smart sensors capable of
detecting tree row spacing, soil moisture, and even terrain inclination. These sensors
feed data to a microcontroller-based control unit (such as Arduino or STM32), which
automatically adjusts the position and power settings of the device for optimal
performance.

4. Energy Supply System Considering sustainability, the device supports
multiple energy sources, including: Direct electrical power from a farm grid,
Rechargeable batteries for portable use, Solar panels mounted on the frame for
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renewable energy support. This multi-source system makes the device practical for
use in remote orchards without consistent access to grid electricity

5. Prototype Development and Field Testing

After finalizing the design, a working prototype was built using lightweight
materials such as aluminum and high-durability polymer components. Field tests
were carried out in orchards with varying row spacing and terrain. During testing, the
device showed: High adaptability with minimal manual adjustment, Stable operation
across different voltage levels, Efficient navigation and task execution within dense
orchard environments.

6. Conclusion

The developed universal device successfully meets the needs of modern
intensive orchard farming. Its adaptability to both row spacing and electrical current
systems makes it a practical and cost-effective solution for increasing orchard
productivity while supporting sustainable practices.
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