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Abstract

This paper shows the development and study of a FEM model of a rotary harrow. A proper use of a
rotary harrow depends on its geometry and on the working parameters, such as: drag speed and
angular speed. The aim of this work is to develop a rotary harrow model in the ANSYS environment
in order to analyze and to optimize its geometric parameters. The model, validated through
comparison with some experimental data, was then used to analyze the forces exchanged between the
tines and the soil as a function of the drag speed, the angular speed and the working depth. Different

tine orientations and three different types of terrain were considered.

Introduction

The rotary harrow is a tool brought by the tractor, used to refine the soil before sowing or for the
weed control. It 1s driven by means of a power take-off (PTO) and it is characterized by a series of
vertical axis rotors each rotating opposite to the rotor nearby and equipped with vertical tines. The
motion from the PTO is transmitted to the rotors by means of a reduction gear and a series of gear

wheels.

This study considers that the tillage involves many factors that often modify the physical properties
of the soil, such as: texture, structure, bulk density, porosity, soil moisture, modifying them following
the tillage (Cavazza, 1981; Terzaghi et al., 1996). Large amounts of energy are consumed during
tillage operations because of the high draft forces required (Kushwaha et al., 1993). In fact, tillage is
a procedure of breaking and loosening of soil, and it fragments the soil into small aggregates

(Berntsen and Berre, 2002).

Soil preparation by means of a rotary harrow 1s a complex process and must satisfy various needs.
Three main problems can be highlighted: reliability of a harrow structure., energy efficiency of the

process, quality of soil preparation. The present study focused on the problem of the energy



consumption of a rotary harrow. As already mentioned, during the tillage phase each rotor is subjected
to two movements: a horizontal dragging movement and a rotation around its own vertical axis. These
movements, according to the speeds, create a complex movement of the rotary tines, mounted on the
rotor (Raparelli et al., 2020). To overcome the resistance of the soil, subjected to tillage, and to
maintain the drag and the angular speeds, it is necessary to apply a certain power. This power depends
both on the geometry of the harrow tines and on the tillage parameters. As parameters of the tillage
1t 1s necessary to consider: the two speeds: the depth of the tillage; the characteristics of the soil. To
calculate this power it is necessary to simulate the interaction between the tines and the soil, that is
to the more general case of the tool-soil interaction. The studies conducted in this area are numerous
and have led to the development of models that can be essentially classified into three categories:
analytical models (Terzaghi, 1947; Swick and Perumpral, 1988; Kushwaha and Linke, 1996),
empirical models (Luth and Wismer, 1971; Harrigan and Rotz, 1995) and numerical models (Yong

and Hanna, 1977; Plouffe et al., 1999; Shinde et al., 2011; Chen et al., 2013).

The analytical models provide data related to the tool-soil interaction in a very fast way, but with high
approximation. The empirical models provide data closer to physical reality, but require numerous
and complex experimental measurements, with a high expense of resources and time. The numerical
models also provide very accurate results as long as you are able to realistically define the properties
of the involved materials, the interface conditions and the constraint and load conditions. However,
these models require experimental validation. Finite element numerical models (FEM) are very
widespread. Their application to the study of harrow - soil interaction is however limited. A first
approach to the study harrow - soil interaction was addressed by the same authors in (Raparelli et al.,

2019).

The approach to studying the interaction of the harrow and soil using numerical modeling was
considered by the same authors in (Raparelli et al., 2019), when the kinematics of the process was

mainly considered. To obtain dynamic characteristics, it 1s necessary to use other computational



schemes, among which the main ones are numerical models using finite elements (FEM). This work
1s devoted to the creation of a numerical model that would allow determining the dynamic
characteristics of the rotary harrow, force and power consumption, as a function of its geometric
dimensions and some operating parameters such as the speed and depth of soil cultivation. Obviously,
the use of this model in practice should take place with the simultaneous control of other parameters,
since the model describes only the reaction of the soil to the harrow tine, and does not provide detailed
information about the state of the soil after passing the tine. The model may be used in the design and
optimization of the rotary harrow along with other tools that would provide control over the quality

of soil cultivation, strength, manufacturability etc..

The use of the model together with data on the quality of tillage under a particular regime or a
particular choice of the type of harrow tines could also make it possible in the future to develop

recommendations for reducing energy consumption during agricultural work.

Materials and methods
Development of the rotary harrow tine FEM model

Generally a rotary harrow has a series of rotors, having two tines; that are moved by means of a series

of gear wheels. They received the movement from the tractor PTO with a Cardan shaft drive

interposed, (Raparelli et al., 2018). Therefore, the rotor of the rotary harrow was modeled as two

tines, positioned on a disk, as this 1s the effective geometry used by the constructors. Figure 1 shows
a view of the model of a rotor. This choice is justified by the standard geometry used in this implement
and by the model used in the numerical simulations by the Authors (Raparelli et al., 2019, 2020).
Considering that during the tillage operation the soil interacts only with the tines of the rotor, it is

possible to simplify the shape of the rotor.






















































