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Abstract — Agricultural cultivators are important soil-tillage implements used for breaking soil clods, loosening soil and
preparing suitable soil conditions for sowing. The performance and reliability of cultivator components are influenced by soil
condition, operating parameters, tool geometry, material properties and the loads acting during field operation. This review
paper examines published research related to the design, structural behaviour and optimization of agricultural cultivators and
their working components, withemphasis on computer-aided design and finite element analysis.The reviewed studies
demonstrate the application of numerical methods for evaluating stress, deformation, structural strength and soil-tool
interaction. Research on tine cultivators has investigated different shovel geometries and soil conditions, while other studies have
examined cultivator shares under different static loading conditions using the finite element methods. Recent work on a
combined cultivator working tool has further demonstrated the influence of tine geometry and angle of attack on stress
distribution and structural performance. Based on the reviewed literature, computer-aided modelling and finite element analysis
provide useful approaches for identifying critical regions and comparing alternative cultivator designs before physical
fabrication. It provides a technical foundation for the proposed future work on design optimization and structural analysis of
an agricultural cultivator using SolidWorks.
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I. INTRODUCTION

Agricultural tillage is an important operation in soil preparation
for seeds sowing and cultivators are widely used for soil
loosening and pulverization. Their performance depends on
factors such as soil condition, tool geometry, material and
operating conditions [1]. During operation, cultivator tines and
shares are subjected to soil resistance and mechanical loads.
Previous studies have investigated the effects of forward speed,
soil moisture, tillage depth and tool shape on tillage
performance [2]. Finite Element Method (FEM) has been used
to study stress and deformation in agricultural tillage tools and
to identify critical regions of the components [3].olidWorks-
based modelling and FEM have also been applied to cultivator
shares under different loading conditions, showing the
influence of geometry on structural behaviour [4].

Material selection is another important design factor. Previous
research investigated the use of boron steel instead of EN45
spring steel for a nine-tine cultivator shovel to improve its
service life [5]. Three-dimensional modelling and FEM
havebeen also used for agricultural tillage components to

evaluate Stress, deformation and support improved designs
[6].Recent research on a combined cultivator working tool
showed that tine profile and angle of attack affect stress
distribution and structural performance [7]. Therefore,existing
research on cultivator design, material selection, structural
analysis and geometric optimization is important for
establishing a technical foundation for the proposed work
Design Optimization and Structural Analysis of an Agricultural
Cultivator Using SolidWorks.
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Figure 1 illustrates a typical agricultural cultivator used for soil
tillage operations. The cultivator consists mainly of a
supporting frame and working tools such as tines, shanks and
shares. During operation, these components interact with the
soil and experience mechanical loading. The geometry,
material and structural strength of the working components
therefore play an important role in the performance, durability
and reliability of the cultivator [1], [2].

Il. LITERATURE REVIEW

Studies have investigated the design, structural behaviour and
field performance of agricultural cultivators and tillage
implements using experimental, analytical, CAD and finite
element methods. Makange et al. [1] analysed the stress
behaviour of a cultivator type using FEM, while Birig et al. [2]
investigated stress and strain distribution in the frame of
agricultural cultivators.

He et al. [3] studied the influence of tine geometry on soil
penetration resistance using FEM, and Galat and Ingale [4]
investigated failure behaviour in a 9-tyne cultivator. Croitoru et
al. [5] further examined the structural and kinematic behaviour
of an agricultural soil-loosening mechanism. These studies
established the importance of implement geometry, loading
conditions and structural strength in the design of tillage
equipment.

With the development of CAD and numerical simulation, FEM
and DEM have increasingly been applied to evaluate cultivator
components and soil-tool interaction. Sahin et al. [6] used
SolidWorks and FEM to evaluate stress and deformation in
cultivator duckfoot shares. Tekeste et al. [7] and Chen et al. [8]
investigated cultivator sweep-soil interaction using DEM.
Hussain et al. [9] modelled and simulated an agricultural
cultivator and evaluated stress, strain and displacement under
different loading conditions.

Li et al. [10] investigated numerical approaches for soil-tool
interaction, while Behera et al. [11] evaluated the field
performance of a rota-cultivator. Kesner et al. [12] applied
DEM and FEM to study the structural behaviour of tillage-
machine components. Dobrinov [13] investigated soil
properties relevant to tillage operations, and Hoseinian et al.
[14] studied soil deformation and reaction forces of a tillage
implement.

Recent research has placed greater emphasis on three-
dimensional modelling, structural analysis and optimization of
tillage components. Hashaam et al. [15] performed 3D finite
element analysis of tine-cultivator shovels under different soil
conditions and evaluated stress and deformation.

Aruna et al. [16] investigated dimensional variations in
commercial cultivator tines and reversible shovels, while
Madhusudan et al. [17] examined the influence of implement
geometry and operating parameters on draft demand. Tian et al.
[18] highlighted the application of SolidWorks, FEM and
simulation techniques in agricultural machinery design. Al-
Irhayim et al. [19] investigated the structural response of
tillage-tool tines using FEM. More recently, Tihanov et al. [20]
analysed a combined cultivator working tool using SolidWorks
and FEM, including stress distribution and factor of safety.
Dheenadhayalan et al. [21] developed different cultivator tyne
geometries using SolidWorks and combined DEM and FEA to
evaluate draft force, soil disturbance, stress and deformation.

The studies show that cultivator performance is strongly
influenced by geometry, soil conditions, operating loads and
material selection. Although previous researchers have
investigated individual tines, shanks, shares, frames and soil—
tool interactions, fewer studies have considered an integrated
SolidWorks-based cultivator design together with structural
evaluation and design optimization.

Therefore, the present work focuses on the design optimization
and structural analysis of an agricultural cultivator using
SolidWorks, with emphasis on stress, deformation and factor
of safety before fabrication and experimental validation.

I11. PROPOSED METHODOLOGY

The proposed work focuses on the design, modelling, structural
analysis and optimization of an agricultural cultivator using
SolidWorks. The methodology is planned to evaluate the
structural behaviour of the cultivator under suitable loading
conditions and to identify design parameters that can improve
its strength and performance.

The overall procedure will consist of cultivator design, three-
dimensional CAD modelling, material selection, application of
loading and boundary conditions, finite element analysis,
evaluation of stress and deformation, and design modification.
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I. Design of Agricultural Cultivator

The agricultural cultivator will be designed by considering the
major components such as the main frame, tines or shanks,
shovels, mounting arrangement and other necessary supporting
members. Important design parameters including overall
dimensions, number and arrangement of tines, working width
and expected operating conditions to be considered during the
initial design stage.

11. 3D CAD Modelling Using SolidWorks

A three-dimensional model of the proposed agricultural
cultivator will be developed using SolidWorks. Individual
components are modelled according to the selected dimensions
and subsequently assembled to obtain the complete cultivator
model. The CAD model will provide the basis for checking the
component arrangement and preparing the model for
subsequent structural analysis.

I11. Material Selection and Structural Analysis

Suitable engineering materials are considered for the major
structural components based on strength, stiffness, availability
and practical suitability. The developed CAD model is to be
simulated subjected to appropriate loading and boundary
conditions representing the forces acting on the cultivator
during operation. Structural analysis will be carried out to
determine parameters such as von-Mises stress, total
deformation and factor of safety.

IV. Design Optimization

The results obtained from the structural analysis are used to
identify critical regions and design parameters requiring
improvement. Parameters such as component dimensions,
shank geometry and material selection may be modified to
improve structural performance while avoiding unnecessary
material and weight. Different design alternatives can be
compared to obtain a suitable optimized configuration.

V. Proposed Workflow.
The proposed methodology can be represented through the
following workflow:

PROPOSED WORKFLOW
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Figure 2. Proposed workflow for design optimization and
structural analysis of the agricultural cultivator using
SolidWorks.

IV. ANALYSIS OF STRUCTURAL

EVALUATION

The proposed agricultural cultivator is to be evaluated using the
three-dimensional CAD model developed in SolidWorks.
Structural analysis will be performed to assess the behaviour of
the major load-bearing components under the forces expected
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during field operation. Appropriate material properties, loading
conditions and boundary conditions will be considered for the
analysis.

The structural response of the cultivator will be evaluated
mainly in terms of von-Mises stress, total deformation and
factor of safety. These parameters will help identify critical
regions of the frame, shanks and other load-bearing
components and determine whether the proposed design
provides adequate structural strength.

The initial design will be examined to identify regions
experiencing comparatively higher stress or deformation.
Based on the analysis, suitable modifications may be made to
component dimensions, shank geometry or material selection.
Different design configurations can then be compared to
determine a suitable configuration with improved structural
performance.

The proposed analysis may beprovide a basis for optimizing the
cultivator design before physical fabrication. The final
proposed design will be selected by considering structural
strength, deformation, safety and practical design requirements
while avoiding unnecessary material and weight.

V. COMPARATIVE ANALYSIS OF
EXISTING RESEARCH

Previous research on agricultural cultivators has mainly
focused on structural strength, soil-tool interaction, tillage
performance, and numerical analysis of cultivator components.
Finite Element Analysis (FEA) has been widely used to
evaluate stresses and deformations in cultivator frames, tines,
shanks and other load-bearing components. These studies
provide a useful basis for assessing the structural performance
of agricultural implements before fabrication.

Makange et al. investigated stress distribution in cultivator tines
using the Finite Element Method, demonstrating the usefulness
of numerical analysis for identifying critical stress regions.
Biris et al. analysed stress and strain distribution in agricultural
cultivator frames, while Galat and Ingale investigated failure
conditions of a nine-tyne cultivator under different soil
conditions. These studies highlighted the importance of
structural strength and appropriate design of cultivator
components.

Further studies examined the strength of cultivator shares and
the behaviour of tillage tools under operating conditions. Sahin
et al. investigated the strength of cultivator duck-foot shares
using finite element methods. Tekeste et al. studied cultivator
sweep-soil interaction using the Discrete Element Method and
examined the effects of tool-edge conditions on soil forces and
soil flow. Abbaspour-Gilandeh et al. evaluated the effects of
working and tool parameters on the performance of different
cultivators.

Hashaam et al. performed three-dimensional finite element
analysis of different tine cultivator shovels and investigated
stress and deformation under different soil conditions. Their
study identified critical and crack-sensitive regions and
compared the structural response of different shovel
geometries. This demonstrates the importance of considering
both tool geometry and soil condition when evaluating
cultivator components.

Recent studies have increasingly used numerical modelling
together with computer-aided design techniques. SolidWorks
has been applied in agricultural machinery design for three-
dimensional modelling, finite element analysis, motion
simulation and design optimization. Such approaches can allow
different design schemes to be evaluated before physical
prototype fabrication and can help reduce development time
and cost.

Structural analysis of modern cultivator working tools has also
considered different working depths, tine profiles and loading
conditions. Recent research evaluated structural integrity using
von-Mises stress and factor of safety and found that tine
geometry can significantly influence stress distribution and
structural response. This indicates that modifying the geometry
of load-bearing components can be an important part of
cultivator design optimization.

avoiding the complexity of fully modelling nonlinear soil
behaviour.

Comparative studies also show that different structural
configurations can produce different levels of stress and
deformation. Therefore, parameters such as cross-sectional
shape, material selection, working depth, tine geometry and
mounting arrangement should be considered when developing
an improved cultivator design. The comparison of alternative
configurations can help identify a design that provides adequate
strength without unnecessary material and weight.
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Overall, the existing research demonstrates that numerical
analysis is an effective method for evaluating agricultural
machinery before fabrication. However, many studies focus
mainly on individual tines, shovels, frames or soil-tool
interaction. The proposed work aims to combine three-
dimensional CAD modelling, structural evaluation and design
improvement within a single cultivator development process.
Based on the reviewed studies, the proposed agricultural
cultivator will be developed using SolidWorks and evaluated
under representative operating loads. The structural response
will be assessed using von-Mises stress, total deformation and
factor of safety. The results will be used to identify critical
regions and compare the initial and modified configurations,
providing a basis for selecting a structurally suitable and
practically feasible cultivator design.

Ref. Author(s), YearsMethod / Technique Major

Contribution  Limitation / Scope

1. Makange, Parmar & Tiwari, 2015 CAD + FEM
Evaluated stress and deformation of a cultivator tyne under
operating loads. Mainly limited to tyne-level
analysis.

2. Biris et al., 2016 FEM  Analysed stress and strain
distribution in an agricultural cultivator frame. Complete
design optimization was not considered.

3. Heetal., 2016 FEM Investigated the effect of
tine geometry on soil penetration resistance. Focused
mainly on soil penetration behaviour.

4. Galat & Ingale, 2016 Failure  analysis + FEM
Investigated failure behaviour of a 9-tyne agricultural
cultivator.  Mainly focused on failure investigation.

5. Croitoruetal., 2017 CAD +  structural/kinematic
analysis Evaluated  structural and  kinematic
behaviour of an agricultural soil-loosening mechanism.
Different cultivator configurations were not compared.

6. Sahin, Altuntas & Giileg, 2018 SolidWorks + FEM
Analysed stress and deformation of cultivator duckfoot
shares under static loading. Limited to individual share
components. Tekeste et al., 2019

7. DEM Studied cultivator sweep-soil interaction and soil
response.  Structural stress analysis was not the main
focus.

8. Chen, Munkholm & Nyord, 2019 DEM Investigated soil—
sweep interaction under different soil conditions. Mainly
focused on soil interaction. Table: 1 Comparative Analysis
of Existing Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hussain, Naik & Balasubramanyam, 2020 CAD +
FEM Modelled and simulated an agricultural cultivator
and evaluated stress, strain and displacement.  Limited
optimization of the complete design.

Li, Chen & Chen, 2020 Numerical modelling
Investigated numerical approaches for  soil-tool
interaction. Mainly modelling-oriented rather than
complete cultivator analysis.

Behera, Raheman& Thomas, 2021 Experimental
analysis Compared tillage performance and operating
behaviour of a rota-cultivator. Focused more on field
performance than structural FEM

Kesner etal., 2021 DEM + FEM Analysed structural
behaviour of tillage-machine frame an Complete cultivator
optimization was not the main objective.

Dobrinov, 2021 Soil analysis Investigated soil
properties relevant to agricultural tillage operations. Does
not directly address SolidWorks or FEM.

Hoseinian et al., 2022 Simulation + experiment
Investigated soil deformation and reaction forces of a
tillage implement. Different from the complete cultivator
configuration.

Hashaam et al., 2023 3D FEMCompared tine-cultivator
shovel configurations and evaluated stress and
deformation in different soils. Mainly focused on
shovel/soil interaction.

Aruna et al., 2024 Geometry analysi Evaluated
dimensional variations in commercial cultivator tines and
Structural FEM optimization was not performed.
Madhusudan et al., 2024 Experimental/numerical
analysis Investigated the influence of furrow-opener
geometry and operating parameters on draft demand
Focused mainly on operating performance.

Tian, Tang & Shi, 2025 SolidWorks +
FEM/simulation Demonstrated  applications  of
SolidWorks, FEM and simulation in agricultural
machinery design.  Broad agricultural-machinery scope
rather than cultivator-specific.

Al-Irhayim et al., 2025 FEM  Evaluated forces and
structural response of modified tillage-tool tines. Focused
on a tillage tool rather than the complete cultivator.
Tihanov etal., 2026 SolidWorks + FEM Analysed
cultivator working-tool geometry, stress distribution and
factor of safety at different working depths. Experimental
validation of the optimized configuration is still desirable.
Dheenadhayalan et al., 2026 SolidWorks + DEM + FEA
Compared three cultivator-tyne geometries and optimized
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soil disturbance, draft force, stresssnd deformation Further
field validation under actual operating conditions is
required.

VI. SUMMARY AND DISCUSSION

The comparative review of the selected 21 research papers
shows that agricultural cultivator performance is mainly
influenced by implement geometry, soil conditions, operating
depth, forward speed, applied loading and material selection.
Previous studies have used experimental methods, CAD
modelling and FEM analysis to investigate draft force, stress,
deformation, failure and overall performance of tillage
components.

The reviewed studies demonstrate that CAD and FEM tools can
support the development and improvement of agricultural
implements before fabrication.

However, the comparative analysis indicates that many existing
studies are focused on individual components such as shanks,
tines, sweeps or shovels rather than considering the complete
cultivator design. Therefore, there is a need for an integrated
design approach that considers component geometry and
structural behaviour together. Based on this research gap, the
proposed work focuses on developing an agricultural cultivator
using SolidWorks, followed by structural evaluation and design
optimization to obtain an improved and reliable configuration.

The proposed approach is expected to help identify critical
regions of the cultivator and support suitable modifications in
geometry and material selection. The structural performance
can be assessed using parameters such as stress, deformation
and factor of safety, providing a basis for selecting the most
suitable design before fabrication and experimental validation.

VII. CONCLUSION

The review of existing research indicates that the performance
of agricultural cultivators is influenced by several factors,
including implement geometry, operating depth, forward
speed, soil conditions, material properties and applied loading.
Previous studies have investigated different cultivator
components such as shanks, tines, sweeps, shovels and frames
using experimental methods, analytical approaches, CAD
modelling and finite element analysis. These studies provide

useful information for understanding the structural behaviour,
operating requirements and performance of agricultural tillage
implements.

The comparative analysis of the selected research papers shows
that CAD and FEM-based approaches are increasingly useful
for evaluating stress, deformation and factor of safety before
fabrication. However, many existing investigations are limited
to individual components or particular operating conditions
rather than considering the complete cultivator structure. This
indicates a need for an integrated design approach that
considers geometry, loading and structural performance
together.

Based on the identified research gap, the proposed work
focuses on the design optimization and structural analysis of an
agricultural cultivator using SolidWorks. The proposed
methodology will involve developing the cultivator model,
identifying critical structural regions and evaluating the design
under expected operating loads. Parameters such as stress,
deformation and factor of safety will be considered to assess
the structural suitability of the proposed design. The results can
be used to compare different design configurations and select a
suitable optimized configuration before fabrication.

The proposed approach is expected to provide a systematic
basis for improving the structural reliability and performance
of the agricultural cultivator while maintaining its functional
requirements. The optimized design can subsequently be
fabricated and tested to compare the analytical observations
with practical operating performance.

Future scope

Future work can focus on fabrication and experimental
validation of the optimized cultivator developed using the
proposed SolidWorks model. The fabricated implement can be
tested under different soil conditions, operating depths and
forward speeds to evaluate its practical performance. Further
investigations can consider material optimization, weight
reduction, draft force, power requirement, durability and
modification of shank and frame geometry. Integration of
advanced optimization techniques and more detailed loading
conditions may also be considered to further improve the
efficiency, strength and service life of the cultivator.

© 2026 IJSRET



International Journal of Scientific Research & Engineering Trends
Volume 12, Issue 4, Jul-Aug-2026, ISSN (Online): 2395-566X

1.

REFERENCES

N. R. Makange, R. P. Parmar, and V. K. Tiwari, “Stress
Analysis on Tyne of Cultivator Using Finite Element
Method,” Trends in Biosciences, vol. 8, no. 15, pp. 3919—
3923, 2015.

S. St. Biris, E. Maican, V. Vladut, S. Bungescu, N.
Ungureanu, and D. 1. Vladut, “Stress and Strains
Distribution in the Frame of Agricultural Cultivators Using
the Finite Element Method,” Proceedings of the 44th
International Symposium on Agricultural Engineering:
Actual Tasks on Agricultural Engineering, pp. 111-118,
Opatija, Croatia, 2016.

U. N. Galat and A. N. Ingale, “Failure Investigation &
Analysis of Agricultural 9 Tyne Cultivator Used in
Various Soil Condition,” International Journal on Recent
and Innovation Trends in Computing and Communication,
vol. 4, pp. 173-179, 2016.

S. Croitoru, V. Vladut, I. Voicea, Gh. Gheorghe, E. Marin,
L. Vladutoiu, V. Moise, S. Boruz, A. Pruteanu, S. Andrei,
and D. Paunescu, “Structural and Kinematic Analysis of
the Mechanism for Arable Deep Soil Loosening,”
Proceedings of the 45th International Symposium on
Agricultural Engineering: Actual Tasks on Agricultural
Engineering, pp. 207-216, Opatija, Croatia, 2017.

G. U. Shinde and S. R. Kajale, “Computer Aided
Engineering Analysis and Design Optimization of Rotary
Tillage Tool Components,” International Research Journal
of Engineering and Technology, vol. 4, no. 1, 2017.

A. Sahin, E. Altuntas, and U. Giileg, “Determination of the
Strength Analysis of the Cultivator Duckfoot Shares with
Finite Element Methods,” Selcuk Journal of Agriculture
and Food Sciences, vol. 32, no. 3, pp. 257-265, 2018.

B. Chirende, J. Q. Li, and W. Vheremu, “Application of
Finite Element Analysis in Modeling of Bionic Harrowing
Discs,” Biomimetics, vol. 4, p. 61, 2019.

M. Z. Tekeste, L. R. Balvanz, J. L. Hatfield, and S.
Ghorbani, “Discrete Element Modeling of Cultivator
Sweep-to-Soil Interaction: Worn and Hardened Edges
Effects on Soil-Tool Forces and Soil Flow,” Journal of
Terramechanics, vol. 82, pp. 1-11, 2019.

Y. Abbaspour-Gilandeh, M. Fazeli, A. Roshanianfard, J.
L. Hernandez-Herndndez, A. Fuentes Penna, and I.
Herrera-Miranda, “Effect of Different Working and Tool
Parameters on the Performance of Several Types of
Cultivators,” Agriculture, vol. 10, no. 5, p. 145, 2020.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

B. Li, Y. Chen, and J. Chen, “Modeling Soil-Tool
Interaction Using Advanced Continuum Methods: A
Review,” Computers and Electronics in Agriculture, vol.
177, p. 105702, 2020.

A. Behera, H. Raheman, and E. V. Thomas, “A
Comparative Study on Tillage Performance of Rota-
Cultivator (A Passive-Active Combination Tillage
Implement) with Rotavator (An Active Tillage
Implement),” Soil & Tillage Research, vol. 207, p. 104861,
2021.

A. Kesner, R. Chotéborsky, M. Linda, M. Hromasov4, E.
Katinas, and H. Sutanto, “Stress Distribution on a Soil
Tillage Machine Frame Segment with a Chisel Shank
Simulated Using Discrete Element and Finite Element
Methods and Validated by Experiment,” Biosystems
Engineering, 2021.

V. Dobrinov, “Study of the Soil Hardness as an Ecological
Indicator of Its Current State,” 2021.

S. H. Hoseinian, A. Hemmat, A. Esehaghbeygi, G.
Shahgoli, and A. Baghbanan, “Development of a Dual
Sideway-Share Subsurface Tillage Implement: Part 1.
Modeling Tool Interaction with Soil Using DEM,” Soil
and Tillage Research, vol. 215, p. 105201, 2022.

H. Changbin, G. Yanying, G. Xudong, and S. Hongchao,
“A Mathematical Model for Predicting the Draft Force of
Shank-Type Tillage Tine in a Compacted Sandy Loam,”
Soil and Tillage Research, vol. 228, p. 105642, 2023.

M. Hashaam, M. W. Akram, M. Ahmad, M. Z. Akram, M.
Faheem, M. Magsood, and M. Aleem, “3D Finite Element
Analysis of Tine Cultivator and Soil Deformation,”
Research in Agricultural Engineering, vol. 69, pp. 107—
117, 2023, doi: 10.17221/58/2022-RAE.

J. Yang, “Strength Calculation Method of Agricultural
Machinery Structure Using Finite Element Analysis,”
International Journal of Advanced Computer Science and
Applications, vol. 15, no. 10, 2024.

T. Weimo, T. Wenhan, and S. Wenyuan, “Application of
Solidworks in Agricultural Machinery Design and
Simulation,” Agricultural Engineering, vol. 15, no. 3, pp.
46-49, 2025, doi: 10.19998/j.cnki.2095-1795.202503308.
P. Dimitrov, H. Beloev, K. Stoyanov, A. Atanasov, T.
Delikostov, E. Enchev, and V. Donev, “Operational
Studies of a Machine-Tractor Unit for Spring Pre-Seeding
Soil Tillage,” 10th International Conference on Energy
Efficiency and Agricultural Engineering (EE&AE), 2025,
doi: 10.1109/EEAE65901.2025.11273437.

© 2026 IJSRET



International Journal of Scientific Research & Engineering Trends
Volume 12, Issue 4, Jul-Aug-2026, ISSN (Online): 2395-566X

20. G. Tihanov, G. Hristova, K. Peychev, and Y. Stoyanov,
“Structural Analysis of a Combined Cultivator Working
Tool,” INMATEH — Agricultural Engineering, vol. 78, no.
1, pp. 1091-1099, 2026, doi: 10.35633/inmateh-78-85.

21. A. Ananyev, A. V. Ishkov, V. N. Malikov, and N. Karpov,
“Study of 3D Models of Composite Duck-Foot Tines,”
Materials Science Forum, vol. 1031, pp. 209-215, 2021.

© 2026 IJSRET
8



