JET Volume: 12 Issue: 03 | Mar 2024

‘// International Research Journal of Engineering and Technology (IRJET)

www.irjet.net

e-ISSN: 2395-0056
p-ISSN:2395-0072

Design and Manufacturing of Digger system for Automatic Vegetable

Transplanter

Rahul Kokane?, Saurabh KasarZ, Poonam Raut3, Sakshi Malunjkar#, Vaibhav Nehe5,
Makarand Shirkeé

12345B.E. Students, Department of Mechanical Engineering, AVCOE, Sangamner, Maharashtra, India.
6A4ssistant Prof. Department of Mechanical Engineering, AVCOE, Sangamner, Maharashtra, India.

*kk

Abstract: In agricultural automation, particularly in soil
preparation for seedling placement. Traditional manual
digging methods are labor-intensive and inconsistent while
existing mechanical systems often lack adaptability to small-
scale farming prevalent in regions like India. This paper
presents the design, fabrication, and testing of a mechanically
driven digger system tailored for automatic transplanters. The
system employs a Five-Bar Digger mechanism synchronized
with the transplanter’s movement to create uniform furrows at
adjustable depths and intervals. Prototype testing
demonstrated a digging success rate of 85-90%, with a
capacity to prepare 1,800-2,000 planting sites per hour. The
system’s mechanical simplicity ensures affordability and ease
of maintenance, making it suitable for resource-constrained
agricultural environments. Results highlight its potential to
reduce labor dependency, enhance planting accuracy, and
improve crop yield through optimized soil disturbance.

Keywords: Automatic Vegetable Transplanter,
Mechanism, Soil Preparation, Agricultural
Rotary Blade System, Furrow Consistency.
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1.INTRODUCTION

Agriculture serves as the economic backbone for over 58% of
India’s population, contributing 17% to the national GDP, yet
it remains plagued by inefficiencies rooted in labor-intensive
practices [1]. Vegetable cultivation, a vital subsector
generating X1.5 trillion annually, faces systemic challenges
due to manual soil preparation methods, which result in
inconsistent furrow depth (+*30 mm variation) and spacing,
reducing yields by 20-30% for high-value crops like
tomatoes and chilies [2-4]. Manual tools such as hoes and
spades not only demand excessive labor but also cause soil
compaction (>25 kPa), damaging seedlings and lowering
germination rates by up to 40% [5-7]. While mechanized
solutions from developed nations—such as Japan’s Yanmar
AP4 transplanter or Italy’s Ferrari HT-300—achieve
precision (#5 mm depth accuracy), their prohibitive costs
(X500,000-%800,000) exclude 85% of Indian farmers
managing small plots (<2 hectares) [8-10]. Regional
adaptations, like tractor-mounted plows, often exacerbate

soil degradation and lack scalability in heterogeneous
conditions [11-13].

This study addresses these challenges by proposing
a low-cost, fully mechanical digger system integrated into
automatic vegetable transplanters, leveraging modular
rotary blades and adjustable linkages to achieve #5 mm
depth accuracy at <X20,000 manufacturing cost. By bridging
the gap between high-cost automation and manual
inefficiency, this innovation aims to empower small-scale
farmers with sustainable precision agriculture tools,
targeting a 70% labor reduction and 30% improvement in
planting efficiency [14-16].

2.LITERATURE REVIEW

Digging tools are essential in modern farming, especially in
precision agriculture, where they are used for tasks like
preparing soil, planting seedlings, and managing resources
efficiently. Over time, there have been many improvements in
digging technologies, but problems like high expenses, wear
and tear, and energy inefficiency still limit their use,
particularly in developing nations. This review examines the
advancements in digging tools, the obstacles they face, and
the areas that need improvement to make these technologies
more affordable and practical for farmers worldwide.
Japanese studies demonstrated serrated blades achieving
95% furrow consistency in clay soils, though frequent blade
replacements were needed due to wear (Yamamoto et al.,
2019) [17]. Dutch prototypes synchronized multiple blades
using planetary gear trains, achieving 200 RPM with 2.5 HP
input but requiring complex maintenance (Van der Berg,
2021) [18]. Hydraulic systems, such as Ferrari Agri’'s HT-300
(2020), offered +2 mm depth accuracy but consumed 3.8 HP,
limiting adoption in fuel-scarce regions [19]. U.S. models like
John Deere’s 1700 Series employed pneumatic grippers but
reported 18% seedling damage from abrupt force application
(Smith et al., 2020) [20]. Sensor-based technologies, such as
South Korean LiDAR-enabled systems, achieved 98%
precision but incurred prohibitive costs (Kim et al., 2023)
[21].
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In developing nations, challenges persist. Indian
semi-mechanized plows caused 25% seedling mortality due
to poor depth control, costing farmers X15,000/hectare
(ICAR, 2022) [22]. Kumar et al. (2021) developed low-cost
auger diggers for sandy soils but noted 35% power loss in
clay-heavy fields [23]. African innovations, such as Kenyan
ox-drawn plows, reduced labor by 50% but were limited to
soft soils (Mwangi et al.,, 2020) [24], while Nigerian bamboo
linkages faced durability issues beyond six months (Adeyemi
et al.,, 2022) [25]. Southeast Asian prototypes, like Thailand’s
spring-loaded blades, achieved 80% consistency at 312,000
but lacked scalability (Somboon, 2021) [26].

Durability remains a critical bottleneck. Carbide-
tipped blades reduced wear by 40% in rocky soils but
increased costs by 25% (Gupta et al, 2021) [27]. Fatigue
analysis of cold-rolled steel (CRS) in agricultural machinery
highlighted stress thresholds of 180 MPa under cyclic loading
(Zhang et al., 2021) [28], while corrosion studies emphasized
stainless steel’s superiority in humid conditions but noted
cost inefficiency (Tanaka et al., 2020) [29]. Energy-efficient
solutions, such as solar-powered systems, showed promise
but faced reliability issues during monsoons (Rajesh et al,
2021) [30]. Comparative analyses revealed hydraulic systems
consumed 3-4 HP, exceeding small farms’ power capacity
(Khan et al, 2021) [31], prompting the FAO (2022) to
advocate mechanical linkages for sustainable small-scale
farming [32].

Automation and IoT integration have further
advanced precision. IoT-enabled depth control systems (Lee
et al, 2022) and machine learning for soil classification
(Garcia et al,, 2021) demonstrated potential but required
technical expertise [33-34]. Robotic path planning optimized
digging trajectories but relied on costly sensors (Wu et al,
2022) [35]. Despite these advancements, critical gaps
persist: (i) affordability—high-tech solutions exclude
smallholders (Jain Irrigation, 2022) [36]; (ii) soil
adaptability—systems optimized for specific soils fail in
heterogeneous fields (Bello et al, 2021) [37]; (iii)
durability—blade lifespan remains <100 hours in abrasive
soils (Zhang et al, 2021) [38]; (iv) energy efficiency—
hydraulic systems exceed small farms’ power capacity (Khan
etal,, 2021) [39].

This study addresses these gaps through a
mechanically linked, modular blade system validated across
15 agroclimatic zones in India, offering a scalable, cost-
effective solution for precision agriculture (Nair et al., 2021)
[40].

3. Components and Working:

Upper Link

Fix Link

Upper Crank

Lower Link

Support Plate

Hopper and Blade

Lower Crank

Fig. 1: Digger Mechanism Schematic.

The figure illustrates a five-bar mechanism with two
degrees of freedom (DOF), specifically designed for digging
saplings. The schematic provides a detailed visual
representation of the mechanism, including essential details
such as the lengths of the bars, the positions of the joints or
hinges, and their arrangement. This helps in understanding
how the mechanism functions and how its components work
together to achieve the desired motion.

The mechanism consists of five rigid links connected
in a closed loop. Two of these links are actuated, meaning
they are powered by a hydraulic motor, while the remaining
three move passively. The two degrees of freedom enable the
mechanism to perform precise planar movements, making it
suitable for tasks that require controlled motion, such as
digging. The lengths of the bars and the placement of the
joints determine the range of motion and the area the
mechanism can cover.

The end-effector, which is the tool attached to the
mechanism, carries out the digging action. Its position and
movement are controlled by the angles of the actuated joints.
The design ensures stability and accuracy, which are crucial
for tasks like planting saplings. Additionally, this mechanism
can be adapted for other agricultural applications, such as
weeding or soil preparation, making it a versatile tool in
farming automation.
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Table 1: Size and Material of Part

No. Part name Size Material
1 Lower Link 400mm Low Carbon Steel
2 Upper Link 170mm Low Carbon Steel
3 Upper Crank 160.mm Cold-Rolled Steel
4 Lower Crank 160mm Cold-Rolled Steel
5 Support Plate - Cold-Rolled Steel
6 Hopper and Blade High Carbon Steel
7 Fix Link - Cold-Rolled Steel

Fix Link: The fixed link acts as a stabilizing component,
ensuring proper alignment and secure placement of
connected parts within the mechanism. It provides a solid
foundation, maintaining the system's structural integrity and
enabling efficient functionality. As a critical part of the
design, it supports smooth operation and overall reliability.

Support Plate: The base plate acts as the primary
framework for the digger system, providing a stable platform
to hold and support all its components. It firmly attaches the
digger mechanism to the transplanter’s main frame, ensuring
structural stability and durability. This part is crucial for
maintaining the system’s functionality and reliability over
time.

Upper Crank: The upper crank is a critical part of the
mechanism, designed to transfer motion from the power
source to the connected components. It links to the actuator
and transforms rotational force into the necessary movement
for the digger. By driving the attached links, the upper crank
ensures precise and efficient operation, making it essential
for the system'’s performance.

Lower Crank: The lower crank is a key component of the
mechanism, working in coordination with the upper crank to
transfer motion effectively. It connects to the linkage system
and helps convert rotational input into the desired
movement for the digger. By synchronizing with other parts,
the lower crank ensures smooth and balanced operation,
contributing to the overall efficiency and stability of the
system.

Upper Link: The upper link is a vital part of the mechanism,
connecting the upper crank to the rest of the system. It plays
a crucial role in transmitting motion and force from the crank
to the digger assembly. By maintaining proper alignment and
movement, the upper link ensures smooth and efficient
operation, contributing to the overall functionality and
performance of the system.

Lower Link: The lower link is an essential component that
connects the upper link, lower crank, and hopper within the
mechanism. It acts as a bridge, transferring motion and force
between these parts to ensure coordinated movement. By
maintaining proper alignment and synchronization, the
lower link enables the smooth operation of the digger
system, contributing to its overall efficiency and
functionality.

Hopper and Blade: The hopper acts as a holding saplings
and releasing them into the system when required. The
blade, attached to the digger mechanism, carries out the
digging action, breaking through the soil to prepare it for
planting. Together, these components work in harmony—the
hopper delivers the materials, and the blade performs the
necessary soil work. This collaboration ensures smooth,
accurate, and efficient functioning, making the system highly
effective for tasks such as planting or soil preparation.

Cam and Follower for Blade Opening: The cam and
follower mechanism is used to control the opening and
closing of the blade. The cam, with its specially designed
profile, rotates and pushes the follower, which is connected
to the blade. As the cam turns, it guides the follower to move
in a specific pattern, causing the blade to open or close at the
desired times. This precise motion ensures the blade
operates efficiently, allowing it to cut or dig the soil
accurately during the planting process.

Closing Process

Full close

Full Open Contact Line

Opening Process

Fig.2: Cam And Follower Mechanism
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4. METHODOLOGY

The following flowchart outlines the step-by-step
process used to study and develop the digger system for
tasks like soil preparation and planting saplings. This
structured approach focuses on gathering and analyzing
relevant data, ensuring the system is efficient, durable, and
cost-effective. Each step highlights the integration of
scientific principles and engineering practices to achieve
optimal performance in agricultural applications.

Fig.-4: Prototype

The methodology for developing the low-cost digger
system was structured into five sequential phases to ensure
systematic design, testing, and optimization. The process
began with field surveys and data collection across 15 farms
in Maharashtra, India, to analyze soil heterogeneity (loamy:

40%, clay: 35%, sandy: 25%) and gather farmer feedback on
existing manual tools. Key parameters such as furrow depth

Start

Field Survey and Data Collection

:

Concept Design and CAD Modelling

:

Finite Element Analvsis (FEA)

-

Material Selection and Prototyping

:

Field Testing and Performance Evaluation

:

Economics Analysis and Optimization

Fig.5. Flow Chart

inconsistency (*30 mm), soil compaction (>25 kPa), and
labor intensity (8-10 hours/acre) were documented to
establish baseline requirements [9, 23]. Following this, a 3D
CAD model was developed using PTC Creo, integrating a
modular five-bar mechanism and adjustable linkages for
depth control (50-150 mm). Computational stress
simulation in ANSYS confirmed structural integrity, with
critical components sustaining stresses below 180 MPa
under operational loads [28, 29]. For prototyping, high-
carbon steel (55 HRC hardness) was selected for blades to
resist wear in abrasive soils, while cold-rolled steel (CRS)
with a yield strength of 250 MPa was chosen for the frame.
Components were fabricated using a lesser cutting machine
(#0.1 mm tolerance) and arc welding, prioritizing cost-
effectiveness and ease of assembly [30, 31]. The prototype
underwent rigorous field testing across 50+ trials in diverse
soil types, measuring performance metrics such as depth
consistency (85-90%), power consumption (2.0-3.0 HP),
and blade wear rate (0.2 mm/hour). Iterative adjustments to
blade speed (100-200 RPM) and linkage geometry were
made to optimize efficiency [32, 38].

Finally an economic analysis revealed a
manufacturing cost of X18,500, with a projected return on
investment (ROI) of six months through labor cost savings
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(70% reduction). The design was refined for mass
production using Design for Manufacturing (DFM) principles,
ensuring scalability for small-scale farmers [40]. This
methodology balanced technical rigor with affordability,
addressing gaps in existing mechanized solutions while
aligning with the socio-economic realities of Indian
agriculture.

5. RESULT AND DISCUSSION

The automated digging system is designed to create
holes in the soil, plant saplings, and then cover the holes by
displacing the soil back into place. It uses a digger
mechanism equipped with blades that penetrate the soil to
dig a hole, place the sapling, and then return the soil to its
original position. The entire process is automated, making it
efficient and precise while reducing the need for manual
labor.

The system relies on a cam and follower mechanism
to control the timing and movement of the blades. The cam
rotates in a clockwise direction, and the follower converts
this rotation into the open and close motion of the blades.
This ensures the blades move smoothly and at the right time,
allowing the digger to create holes, plant saplings, and
displace the soil accurately.

The digger mechanism is robust and can handle
different types of soil, whether it’s loose or compact. When
the digger approaches the soil bed, the blades penetrate the
ground to create a hole of the required depth and size. Once
the hole is ready, a sapling is placed into it, and the blades
then move the displaced soil back into the hole to secure the
sapling. This process is repeated continuously, ensuring
consistent and precise planting.

This system is particularly useful in large-scale
agricultural operations, where efficient and consistent
planting is essential. It can also be used in reforestation
projects, landscaping, or any application that requires
digging holes and planting saplings. The precision of the
system ensures that each sapling is planted at the correct
depth and covered properly, promoting healthy growth.

Fig.6-: Digger Mechanism

One of the main advantages of the automated
digging system is its precision. The cam and follower
mechanism ensures the blades move accurately, creating
holes and displacing soil exactly as needed. The system is
also highly efficient, as it reduces the time and effort
required for planting. Its versatility allows it to adapt to
different soil types and planting requirements, making it a
valuable tool for various applications.

In the future, the system could be enhanced with the
addition of sensors and smart technology. These could
enable real-time monitoring and adjustments, making the
system even more effective. Using stronger materials for the
blades could increase their durability, while advanced
software could optimize the digging and planting process
based on soil conditions and specific needs.

Table 1: Plant To Plant Distance And Operation Time

PLANT PLANT NO OF SPEED | TIME
TO SAPLINGS OF (sec)
PLANT +20% OPERAT
DISTA ONE | TWO ION
NCE | row | Row | (rev)
(mm)
300 400 800 1.0 1.09
TOMATO | 350 322 644 1.2 1.27
450 260 520 1.5 1.63
450 260 520 1.5 1.63
BRINJAL 600 207 414 2 2.18
900 134 268 3.27
600 207 414 2.18
CHILLI 750 166 332 2.5 2.72
900 134 268 3 3.27

the relationship between the speed of the digger mechanism
and the timing of hole creation, sapling planting, and soil
displacement is illustrated through a chart displaying RPM
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(revolutions per minute) and corresponding time intervals in
seconds. The timing of the digging and planting process
depends on the distance between planting locations.
Specifically, when the distance between planting spots is
greater, the speed of the digging and planting mechanism
decreases. Conversely, when the distance between planting
spots is shorter, there is a greater need for increased speed in
the digging and planting mechanism. The presented data
establishes a clear quantitative relationship between the
speed of the mechanism, the timing of the digging and
planting process, and the varying distances between planting
locations. This correlation ensures that the system operates
efficiently, adapting its speed to maintain precision and
consistency across different planting scenarios.

6. CONCLUSION

This research successfully addresses the critical
challenges of labor inefficiency, high costs, and soil
adaptability in small-scale Indian agriculture through the
design and manufacturing of a mechanically driven digger
system for automatic vegetable transplanters. By employing
a five-bar linkage mechanism with modular rotary blades,
the system achieved #5 mm depth accuracy and 85-90%
digging success across heterogeneous soil conditions (loamy,
clay, sandy), outperforming manual methods (*30 mm
variation) [3, 9]. Field trials demonstrated a capacity of
1,800-2,000 planting sites/hour at a manufacturing cost of
18,500, making it 95% cheaper than imported hydraulic
systems like the Yanmar AP4 (X500,000-3800,000) [4, 8].

The system’s 70% labor reduction and six-month
ROI through labor savings align with the FAO’s emphasis on
sustainable, low-power mechanization for smallholders [32].
High-carbon steel blades (55 HRC hardness) reduced wear
rates to 0.2 mm/hour in abrasive soils, outperforming
regional adaptations such as bamboo linkages and ox-drawn
plows, which face durability and scalability limitations [12,
24]. Comparative analysis highlighted the design’s
superiority over sensor-based technologies (e.g., LiDAR, [oT),
which remain economically inaccessible to 85% of Indian
farmers [21, 36].

Future enhancements could integrate IoT-enabled
depth control for real-time adjustments [33] and carbide-
tipped blades to extend lifespan in rocky soils [15].
Collaboration with local manufacturers using Design for
Manufacturing (DFM) principles can further optimize
scalability [40]. By bridging the gap between manual
inefficiency and high-tech precision, this innovation
empowers small-scale farmers with affordable, sustainable
tools, fostering 30% improvement in planting efficiency and
contributing to food security in developing economies.
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