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Dynamic Simulation of Soil-subsoiler Interaction with a Secondary
Body: Analysis of Draft Coefficient and Energy Consumption

Eng. Nour Aadel Shaaban*

Dr. Adnan Ali Ahmed**
Prof. Dr. Suleiman Mohammad Salama***

Abstract

This study presents a performance analysis and geometric optimization
of a subsoiler plow and its secondary shank, with a emphasis on the influence
of design parameters on draft efficiency, energy consumption, and operational
stability. Using integrated 3D modeling and multivariate regression analysis,
the relationships between shank inclination angle (o) and horizontal spacing
(d,) were investigated, along with their combined effects on draft coefficient
(CT) and specific energy consumption (SEv).

The results revealed an optimal design range at a shank inclination angle
of (15° and 25°) and a horizontal spacing (d,) of (15 - 25 cm), where the
system achieved the best balance between draft performance, energy
consumption, and dynamic stability. The findings also indicated that
increasing the inclination angle beyond the optimal range led to higher soil
resistance and energy demand due to increased stress accumulation in front of
the secondary shank.

In addition, the dynamic stability coefficient (SD) showed noticeable
improvement within the optimal operation range, indicating more stable and
predictable field performance. The linear models

(y =-0.026x + 74.345) and quadratic regression (y = -0.0018x2 - 0.586x
+ 71.083) demonstrated good capability in describing the marginal and
interaction effects of the design parameters, where the models explained more
than 90% of the variance in the simulation results (R? > 0.90).

Keywords: Subsoiling, Secondary shank, Draft Coefficient, Enerqy
Efficiency, 3D Modeling.
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3D Isometric View of Subsoiler with Primary and Secondary Shares

[Primary Share
|Secondary Share

5ol Surface

0.1~

DESIGN & OPERATIONAL PARAMETERS:

0.05~

a(Rake Angle) = 20° [15°25]
dx (Horizontal Distance) = 15 cm [15-265 cm]

=M Direction of Motion Np)

dz (Vertical Distance) = 5 cm
-y Wy (Primary Width) = 5 cm

Working Depth =30 o hp (Primary Height) = 8 cm
Working Depth = 30 cm

V(S paad)-=2.0-m
p{opeed)

0.05 ~

Z - Lateral Direction (m)
o
i

OPTIMAL RAI
a:15°-25°
dx:15-25 cm

0.1~

0.1
.05

Y - Depth (m)

1 ]‘q X - Horizontal Distance (m)
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