Print ISSN: 2322-2069

@ Journal of Water and Soil Conservation _
jorgan University o Online ISSN: 2322-2794

Prediction and optimization of the draft force and soil fragmentation
by rotary plow using the response surface methodology

Amir Hossein Yavari*®', Seyyed Reza Mousavi Seyyedi*:', Mohammad Askari .2,
Ramzan Hadipour Rokni*

1. M.Sc. Graduate of Biosystems Engineering, Faculty of Agricultural Engineering, Sari University of Agricultural Sciences and
Natural Resources, Sari, Iran. E-mail: shahryaryavaril@gmail.com

2. Associate Prof., Dept. of Biosystems Engineering, Faculty of Agricultural Engineering, Sari University of Agricultural Sciences
and Natural Resources, Sari, Iran. E-mail: mousavi22@sanru.ac.ir

3. Corresponding Author, Assistant Prof., Dept. of Biosystems Engineering, Faculty of Agricultural Engineering, Sari Agricultural
Sciences and Natural Resources University, Sari, Iran. E-mail: m.askari@sanru.ac.ir

4. Educational Group Expert, Department of Biosystems Engineering, Faculty of Agricultural Engineering, Sari Agricultural
Sciences and Natural Resources University, Sari, Iran. E-mail: r.hadipour@sanru.ac.ir

Article Info ABSTRACT
Article type: Background and Objectives: The size of the clods is of great importance
Research Full Paper in terms of tillage quality, soil protection, and erosion prevention, along

with the amount of energy consumption in seedbed preparation. The
Article history: purpose of this stut_jy is Fo measure the draft force r_equired by the _rotary
Received: 04.21.2024 plow and mean weight dlamete_r (MWD) due to the independent va_lr_lablo_as
Revised: 06.23.2024 of the forward speed, the rotational speed and the plow cover position in
Accepted: 08.10.2024 field conditions and training the design expert software of the response
surface methodology (RSM) section to predict the unmeasured values and
optimize the output variables in order to reduce soil erosion.

Keywords:

Clods mean weight diameter,  Materials and Methods: Field experiments were conducted in the form of
Draft force, a randomized complete block design (RCBD) with three replications.
ggitla;?/agrlrlwirr’ntation Each block was divided into 27 plots with a width of 3 meters and a length
Tillage ‘ of 20 meters. The effect of three input variables, including the rotational

speed at three levels (150, 200 and 250 rpm), the forward speed of the
tractor at three levels (3, 4 and 5 km/h) and the position of the cover at
three levels (top, middle and bottom) on the draft force required by the
rotary plow and the MWD of soil as dependent variables. The draft force
was measured based on the two-tractor test method and the MWD of
the soil was measured using sieves with 10, 4, 2.36, 1.4, 1, and 0.5 and
0.18 mm meshes.

Results: The results showed that the effect of forward speed, rotational
speed of the plow and the cover position on the draft force and soil
fragmentation are significant. The cover position had the greatest effect on
the draft force and soil fragmentation. As the bottom position of cover and
the forward speed and rotational speed of the plow were adjusted high, the
draft force increased. In addition, the bottom position of the cover,
reducing the tractor speed and increasing the rotational speed of the plow,
greatly increased the fragmentation and, as a result, the high soil erosion.
The highest draft force in the bottom cover position, the forward speed of
5 km/h and the rotational speed of 250 rpm is 657 newtons and the lowest
MWD of soil grains in the state of the low cap, the forward speed of
3 km/h and rotational speed of 250 rpm was obtained by 5 mm. Also, the
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results showed that the response surface methodology has a high ability to
model the draft force of rotary plow (R*=0.96) and soil fragmentation
(R?=0.99).

Conclusion: In the studied range, the position of the plow cover had the
most significant effect on the draft force and soil fragmentation. The results
of the simultaneous optimization of the draft force of 600 newtons and the
MWD of 7.5 mm introduced nine solutions in the studied range, and the
best solution represents the optimal point at the forward speed of 4.82
km/hr, the bottom cover position and the rotational speed of 170.2 rpm
with a satisfaction of 0.979.

Cite this article: Yavari, Amir Hossein, Mousavi Seyyedi, Seyyed Reza, Askari, Mohammad, Hadipour
Rokni, Ramzan. 2024. Prediction and optimization of the draft force and soil fragmentation
by rotary plow using the response surface methodology. Journal of Water and Soil
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Table 1. Physical properties of research field soil.
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Figure 1. (A) Penetrometery test results and (B) Rotary plow used in the study.
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Table 2. ANOVA of the effects of input variables on the output parameters by RSM approach.
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Figure 4. Change of draft force relative to forward speed, rotor speed and shield position.
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Figure 7. Change of MWD relative to rotor speed and shield position.
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Figure 8. Relationship between measured and predicted (A) draft force and (B) MWD data using RSM approach.
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Figure 9. 3D diagrams of draft force change of rotary plow caused by forward and rotor speed change
at 3 shield position (A) shield top (B) shield middle and (C) shield bottom.
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Figure 10. 3D diagrams of soil MWD change caused by forward and rotor speed change at 3 shield position
(A) shield top (B) shield middle and (C) shield bottom.
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Table 3. Optimization results of tillage operation by rotary plow.
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