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Abstract

Tillage operations are very important in various aspects, including improving the
physical quality of the soil, maintaining moisture, increasing organic matter, and
reducing erosion, and play a fundamental role in providing a suitable substrate for
optimal plant growth... In this regard, the design and construction of a multi-purpose
rotivator with the aim of simultaneously performing tillage and planting operations
creates a revolution in increasing productivity, reducing fuel consumption, time, and
total cost of production. This device, with its combined mechanisms, is capable of
performing operations such as breaking up clods, aerating the soil, preparing the
seedbed, and digging adjustable furrows simultaneously. The double-sided folding
structure and design compatible with road transport conditions are other important
features of this advanced tiller. In addition to the technical advantages, using this device
with modern technologies will help automate agricultural operations, reduce resource
losses (such as water, energy, and fertilizer), and adapt to the principles of sustainable
agriculture. Due to the lack of a similar domestic model and its affordable price
compared to foreign models, this device can play an effective role in the development
of agricultural mechanization in the country. Thus, the multipurpose tiller, as an
efficient, smart, and economical tool, will pave the way for increasing productivity,
conserving resources, and achieving sustainable development goals in modern
agriculture.
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1- Introduction

As one of the most important tillage equipment with
the ability to adjust working depth and high
crushing power, the rotavator plays an important
role in preparing the seedbed and mixing plant
residues. L and C type blades are suitable for use at
different depths and, with their special design,
increase soil quality and reduce soil compaction
[1]. Figure 1 shows a view of a rotivator and L and
C blades [2]. Control systems such as depth
adjustment skids, a spring-loaded tailgate to adjust
the amount of soil crushing, and front shock
absorbers to correct the tractor wheel path help

improve the machine's performance in various
operations [3]. The
considering features such as

introduced  rotavator,
optimal  fuel
consumption, diversity in working width, and
applicability in different conditions, is known as a
versatile, efficient tool that is compatible with

modern agriculture [4].

How to Cite this Article:

[1]1 M. R. Ebrahimian, F. Rahmani, and A. Barzegar Shokri, “Design and construction of a multi-purpose agricultural rotator with movable arms,” Journal of Science
and Technology in Mechanical Engineering, Vol. 4, No. 2, pp. 2745, 2026, https://doi.org/10.22034/stme.2025.524280.1131. (in Persian)

©2026 the authors. Published by Technical and Vocational University (TVU), Tehran,
Iran. This article is an open-access article distributed under the terms and conditions of
the Creative Commons Attribution-Noncommercial 4.0 International (CC BY-NC

E-ISSN: 2981-2232

License) (https://creativecommons.org/licenses/by-nc/4.0/)



https://stmechanics.bmtc.ac.ir/?lang=en
https://doi.org/10.22034/stme.2025.524280.1131
https://doi.org/10.22034/stme.2025.524280.1131
mailto:m.ebrahimian@kar.ac.ir
https://orcid.org/0009-0003-6523-5222
https://orcid.org/0000-0002-0195-9913

Journal of Science and Technology in Mechanical Engineering

Vol. 4, No. 2, 2026 28

C-shaped biade Lishaped blade

N

Figure 1: View of a rotivator and L and C blades

Arthur Clifford Howard invented the first electric
rotary tiller in 1912 [5]. He used a steam tractor
engine and rotating discs to create a new method of
tillage that broke up the soil without compacting it.
This innovation resulted in a more uniform soil
breakup, making it ready for farming [6]. Howard
designed various models including rotary shovels
for the Fordson tractor and hand-operated machines,
and he introduced a machine with an internal
combustion engine and five rotary cultivators [7].
Howard's first rotavator was designed for a Fordson
tractor and was powered by the tractor's pulley .In
1949, the lighter D-type model was introduced with
smaller blades and a 20-inch rotor for Ferguson and
Ford "Dearborn" tractors, which were connected to
the tractor by four-point linkage arms [8]. The F-
type model was introduced with a direct connection
to the rear transmission and a 23-inch rotor, which
was suitable for a wvariety of tractors. These
machines enrich the soil for planting, remove
unwanted roots and improve soil structure .
Rotavators also contribute to sustainable agriculture
with features such as cover crop planting and
fertilizer mixing, improving crop yield and soil
quality [9] .Early rotavators were prone to
mechanical failure due to their heavy weight and
high energy consumption. Repeated tillage with
these machines can damage soil structure, causing
compaction, erosion, and loss of organic matter
[10] .These disadvantages, especially in wet soils,
pose serious challenges for farmers, increasing
energy and labor costs. Nordic research shows that
soil compaction caused by heavy machinery can
reduce crop yields by 5 to 15 percent [11] .Studies
using CT scans show that structural damage to the
soil remains even after 14 years. Climate change
and increased rainfall make dry soils more
vulnerable to compaction. Heavy machinery with a
weight of up to 60 tons has intensified this problem,

and in deeper soil layers, the reduction in
performance can be permanent. A rotavator consists
of components such as a propeller shaft, slip clutch,
gearbox, side drive, blades, soil guard, and gauge
wheels. L-shaped blades made of high-carbon steel
are ideal for shallow soil tillage, while C-shaped
blades are more suitable for heavy soils. The device
body is made of ST37 steel, offering high strength
but low resistance to vibration. The gearbox housing
is produced from gray cast iron or cast steel to
withstand stresses. Universal joints are made of
low-carbon steel, and wear strips are made of ST37
steel, which are flexible but susceptible to
corrosion. These materials ensure the durability and
performance of the equipment.

2- Research Methods

Unlike traditional plows that cause soil imbalance
and compaction, the rotavator with its rotating
blades prepares the soil uniformly. The physical,
mechanical, and dynamic properties of the soil, such
as strength and moisture content, directly influence
the energy required for tillage. Understanding these
properties is essential for designing blades and
operational settings to improve efficiency and soil
quality.

vartous load with Different Matertal

Figure 2: Blade analysis in ANSYS software

Gray cast iron versus structural steel were examined
for blade material selection. Gray cast iron, with a
permissible stress of 105 MPa, and structural steel,
with 140 MPa, were analyzed. Under applied loads



29 Design and construction of a multi...

Mohammad Reza Ebrahimian .at el

of 600 and 1000 Newtons, the resulting stresses in
both materials (42.832 and 74.283 MPa for gray cast
iron; 42.505 and 73.234 MPa for structural steel)
remained within safe limits, indicating design safety
(Figure 2).

The deformation analysis of the blades showed that
gray cast iron experienced a deformation of 1.4324
mm under a 1000 Newton load, while structural
steel had a deformation of 0.79592 mm. Although
gray cast iron is cheaper, it exhibits greater
deformation, whereas structural steel, with higher
efficiency, is a more suitable material for heavy-
duty applications. Static analysis was conducted by
varying the blade angles (85°, 90°, 95°, 100°, and
105°).

3- Results

The results indicated that the blade angle influences
both stress and deformation. The optimal angle
(95°, in the current design) provided a suitable
balance between cutting efficiency and structural
resistance. The results are presented in Figure 3.
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Figure 3: Static analysis diagram of blade angles

Soil Cutting Dynamics Simulation Soil cutting
simulation was performed in Abaqus software
(Figure 4) to investigate the behavior of the blades
in interaction with the soil. The simulation showed
that C-shaped blades with the appropriate cutting
angle create less friction and introduce less reverse
torque to the tractor.

Figure 4: Soil shear dynamics simulator in Abaqus software

The three-point hitch system transfers tractor power
from the PTO shaft to the rotor. The components of
this system are made with a laser cutting machine,
which offers high precision in cutting metals such
as steel and aluminum. The system is precision-
machined using laser cutting machines to produce
high-quality flanges and covers. Rotavator
performance is affected by factors such as blade
configuration, direction of rotation, depth of tillage,
ratio of peripheral speed to forward speed, and soil
conditions. The rotavator is equipped with double-
row ball bearings made of chrome steel (AISI
52100). The high resistance of these bearings to
wear and corrosion ensures flexibility against
impacts and long-term durability, which is essential
for stable operation of the machine. The use of
common parts not only reduced costs but also
shortened production time. To reduce waste, sheets
of similar thickness and dimensions were used as in
other machines. The sheet cutting layout was
designed to maximize material utilization and
minimize waste. To increase durability, parts under
static and bending stresses, such as the center hubs,
were doubled. Increasing the diameter of the central
gearbox shaft from 35 to 45 mm improved the
rotavator’s weight-bearing capacity and speed, and
reduced maintenance costs. Material selection
affects the performance, aesthetics, durability, and
cost of the device. Materials such as ductile iron for
the gearbox, chrome steel for the bearings, and
STS57 steel for the chassis were selected. These
materials have high resistance to abrasion, corrosion
and impact. This study provides solutions for
improving design and production, considering
climatic conditions, crop type and tractor power.
Needs assessment, a key process in rotavator
design, involves identifying the needs of customers
and the target market. Rotavator design involves
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three main steps: 1) preliminary design to determine
initial features, 2) supplementary design to address
technical issues and improve specifications, and 3)
product analysis to examine strengths and
performance. These steps ensure that the final
product meets quality and performance standards.
The supplementary design focused on resolving
technical and engineering issues. The material of the
parts, construction, assembly, aesthetics, and
compliance with environmental standards were also
evaluated. This phase ensured that the rotavator met
market requirements in terms of performance and
durability. Materials such as ductile iron, chrome
steel and ST57 steel were chosen for their strength
and durability. Criteria such as strength, corrosion
resistance, weight and environmental sustainability
were considered. Materials that require less energy
to produce or recycle were given priority. These
choices not only improved the efficiency of the
machine, but also reduced production and
maintenance costs. For precise cutting of parts, the
drawings were converted to DXF format for use in
CNC laser cutting machines.

4- Conclusion

This study aimed to design and manufacture an
advanced rotavator to improve agricultural
productivity, reduce production costs, and increase
the durability of the machine. Using experimental
methods, software  simulations (such as
SolidWorks, ANSY'S, and Abaqus), and mechanical
analyses, the performance of the blades, power
transmission systems, and structural components
was investigated. Market need assessment and
climate conditions helped in designing a product
tailored to farmers' needs. The design process
included preliminary, detailed, and analytical
stages, ensuring device safety and efficiency.
Analyses showed that selecting materials—such as
unbreakable cast iron for gearboxes and chromium
steel for bearings significantly impacted durability
and performance. The C-shaped blades with optimal
angles and serrated designs reduced friction and
improved soil working. Folding mechanisms,
hydraulic  locks, and gearboxes enabled
simultaneous  soil cultivation and tillage.
Simulations and final testing confirmed the

machine’s satisfactory performance across different
soil types and tractor capacities. The designed
rotavator, equipped with features like a four-plate
PTO, slip hubs, and multi-row bearings, reduced
maintenance costs. Using CNC laser cutting and
optimized component layout minimized
manufacturing waste and increased precision. With
a working width of 3.50 meters and foldable design,
transportation became easier, and operator safety
was ensured through safety guards. These
innovations boosted agricultural productivity and
made the product competitive in the global market.

This research not only contributed to developing an
efficient rotavator but also provided a framework
for designing agricultural machinery focusing on
sustainability and cost-effectiveness. The findings
can be used to improve other soil cultivation tools
and advance smart agricultural technologies. Future
research should focus on optimizing energy
consumption, reducing environmental impacts, and
integrating smart sensors for soil monitoring. This
study represents a significant step toward
sustainable agriculture and increasing productivity
in areas with diverse climate conditions.
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