Design and evaluation of a rice seedling launching system based on the physical
and mechanical properties of rice seedlings and analysis of the forces acting on

seedlings for throwing-type rice transplanting

Abstract

Rice is one of the most important food crops in the world, and developing new planting methods is particularly important where
conventional machinery is limited. This research aimed to design and evaluate a new rice transplant launch system equipped with a

protective cover and to investigate its mechanical behavior to reduce seedling damage during establishme

first, the physical and mechanical properties of the rice transplant, including mass, geometric dimensio!

MPa, 5. 8446 x 10 - 6, and 0.00497 mm, respecti
capable of launching and deploying seedlings withou
the combination of experimental, analytical, and nume

evaluating new transplanting de]‘ment systems f
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Introduction

Rice is one of the most important crops in the world, and it is cultivated by various methods in Iran and other countries. Transplanting
is the most common cultivation method for rice. Conventional transplanting methods in small and sloping fields with limited access
face challenges such as high labor demand, high costs, limited mechanization, and mechanical damage to seedlings. Understanding the
physical and mechanical properties of rice transplate, together with the application of numerical modeling and finite element method
simulation, is essential for analyzing their mechanical behavior and optimizing transplanting system performance. To the best of the
authors' knowledge, no comprehensive study has investigated the design and evaluation of a rice transplate launching system equipped
with a protective capsule by integrating experimental measurements, analytical modeling, finite element method, and laboratory
validation. Therefore, the present study aimed to design and evaluate a rice transplate launching system e with a protective
capsule to reduce mechanical damage, improve transplate establishment, and enhance its applicability in re the use of

conventional transplanting machinery is limited

Materials and Methods

In this study, a rice transplate launching system was designed and fabricated. To deve physical‘d mechanical
properties of the rice transplate were first measured through laboratory experiments ai i ters Dthe design and

modeling processes. Several candidate launching mechanis m was selected as the

finite element simulations were performed using ANSYS software. Finall lytical and numerical results were validated against

laboratory tests.

Results and Discussion

experimentally determined and used as en and numerical modeling of the launching system. The average
diameter, transplate lengt&w

the average Young's modulus'\@the rice

, and 14.595 mm, respectively. The experimental results showed that
as 29.36 MPa, which was subsequently used as an input parameter in the analytical

and numerical mo red properties, a two-flywheel launching system with a flywheel diameter of 40 mm was

stress, equivatg ai otal deformation values of 0.000173 MPa, 5.84 x 107¢, and 0.00497 mm, respectively, under the most
critical loading g ns. Experimental validation demonstrated good agreement with both the analytical model and the numerical
simulation. The results further confirmed that the predicted stresses and deformations remained well below the mechanical damage
threshold of the rice seedlings, indicating that the proposed launching system can successfully launch and establish seedlings without

causing significant mechanical damage.

Conclusion

In this study, a novel rice seedling launching system equipped with a protective capsule was designed, fabricated, and evaluated to
reduce mechanical damage and improve seedling establishment. The results demonstrated that incorporating the actual physical and

mechanical properties of rice seedlings into the design and modeling process is essential for accurately predicting system performance.



Experimental launching tests confirmed that the proposed two-flywheel mechanism provided stable launching performance and
successful capsule penetration into the simulated paddy soil. At a launching height of 2 m, the maximum penetration depth reached
0.10 m, while the impact force was 2.457 N, and no visible damage or breakage of the seedlings was observed. The analytical model
and finite element simulations further showed that the induced stresses, strains, and deformations under the most critical loading
conditions remained well below the mechanical damage threshold of the seedlings. Overall, the integration of experimental
measurements, analytical modeling, and finite element simulation proved to be an effective approach for the design and evaluation of
novel transplate launching systems. The proposed system shows considerable potential for improving the mechanization of rice

transplanting in small and sloping fields where the use of conventional transplanting machinery is limited.
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