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Abstract. The proposed article sets out the results of the finite element
structural analysis for the open and compartmentalised watering furrow
equipment (OCWFE). It uses a 3D structural model with 3D finite
elements. The analysis set out in the article is made in order to determine
the field of relative displacement and equivalent stress in the load-bearing
structure of the OCWFE. The structural model is generated in CAD-CAM.
For the structural analysis, it is necessary the CAE model, which is
obtained from the CAD-CAM model, mainly by eliminating gaps and
interferences, but also by the techniques of realizing the contact between
the components of the assembly and a careful mashing of the structure.
The structural model thus created is supported and loaded in accordance
with the experimental results from the literature. The relative displacement
field and the equivalent stress field within the resistance frame of the
OCWEFE is obtained following the linear static analysis. The field of
relative displacements is used to assess the effects on the quality of the
work performed. The equivalent stress field is used to estimate the safety
factor of the structure, by reference to the flow stress of the material from
which the structure is built.

1 Introduction

The complexity of agricultural machines generates very varied requirements on their
resistance frames (load-bearing structures). In addition to the supports of the working
bodies, the resistance frames must also support ancillary assemblies with a functional role,
sometimes real installations with an important role in carrying out the work process or in
carrying out additional work. In order to meet these requirements, a high-level design is
necessary, leading to a resistant structure but also sufficiently supple, optimized, so as not
to produce excessive energy consumption. Also, the structure must be designed so as not to
occur in the operation process, resonant vibration regimes that lead to poor quality of the
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work, premature wear and failures. Also, a very important problem of load-bearing
structures is the achievement of the high security of human personnel working on
agricultural machinery, its protection even in case of serious accidents. For these reasons,
the design of load-bearing structures of agricultural machinery is difficult enough to require
the help of specialized tools for drawing, calculation and simulation. The study, research,
and design of load-bearing structures is a field deeply involved in many disciplines of
science and technology: civil engineering, [1-2], automobiles, aircraft or water vehicles,
medicine, etc. For agricultural machines through load-bearing structures we understand,
most of the time, resistance frames [3-14]. In general, the works [3-14] use 3D finite
element analysis for linear-elastic static analysis, implicitly elementary analysis of the
strength of structures. There are also works that address the dynamic working regime of
assemblies or subassemblies of agricultural machines, problems of modal analysis related
to the avoidance of working regimes with resonances, analysis of structural failures using
linear and nonlinear analysis, [3]. Also addressed in many papers is the problem of
optimizing the strength of agricultural machinery, also using structural models with 3D
finite elements, for example [3, 7, 11, and 15]. The analysis presented in this paper is only a
simple application of linearly elastic static analysis for the frame of a small dimension
machine with precise loading points. The first result presented is the resistance analysis, a
common result in the field, the second presenting the possibility to control the quality of
soil processing, more precisely, the control of the depth of the irrigation channel created. In
the studied literature, we did not find references to resistance studies for agricultural
machines of this type, OCWFE. Research on the testing of agricultural equipment in real
field conditions was carried out by [22, 24, 28], simulation by finite element analysis
(FEM) [19, 23, 26, 27], on special installations / test stands in regime simulated and
accelerated [21, 25, 26] or theoretical research [20], to identify and develop the most
modern constructive solutions [29], similar to those carried out worldwide.

2 Material and method

The material of this research consists of the load-bearing structure of the OCWFE (fig. 1)
and the boundary and loading conditions. The working method is the structural analysis
using finite element method with 3D finite elements.

Fig. 1. The open and compartmentalised watering furrow equipment (OCWFE).

The structural model (geometry, boundary conditions and loads), and the meshed structural
model, for OCWFE, are given in fig.2. The CAD-CAM model is an extension of the
structural model in fig. 2 because it also contains the working members, the double
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mouldboard and the blade, as well as the copy wheel and the drive mechanism of the blade.
The CAD-CAE model only takes over the load-bearing structure (resistance frame) with the
supports of the double mouldboard and of the blade. To obtain the geometry of the CAD-
CAE model from fig. 2, from the CAD-CAM model were eliminated the working organs
and the annexes (the copying wheel and the drive mechanism of the blade). In addition,
gaps and interferences have been eliminated from the CAD-CAM model. The effects of the
working organs on the structure were substituted with the loads in forces, fig. 2. The
conditions on the border consisted in the rigid fixing of the structure in the points of
connection to the tractor (cancellation of all degrees of freedom on the borders of the holes
where the fastening bolts are found).

Fig. 2. The structural model (geometry, boundary conditions and loads), left, respectively the meshed
structural model, right for OCWFE.

The load corresponding to the double mouldboard (4500 N) is applied in the centre of its
contact area with its support. The load corresponding to the blade (2 x 400 N) is distributed
in two equal components, on symmetrical areas in relation to the longitudinal axis of the
structure, areas located on the connection support to the central resistance beam. The
structure is meshed by probing, until the calculation program accepted the total meshing,
fig. 2.

The only important material constants in the linear-elastic calculation are: the modulus of
longitudinal elasticity E = 2.0-10"' Pa, the Poisson's ratio v = 0.29. In addition, to estimate
the safety factor of the structure, the yield stress with the value 351.571 MPa (steel with
AISI code 1020 from the material library of the Solid Works program, [16]) is retained.

3 Results

The important results retained from the elastic-linear static analysis of the OCWFE
structural model, using the finite element method, are the fields of the relative displacement
(deformation), the strain, and Cauchy stress. Based on these results, the first conclusions are
drawn, which refer to the strength of the load-bearing structure in the work process and to
the quality of the soil processing performed. For the two evaluations about the behaviour of
the equipment in work, it is sufficient to consider in discussion only the equivalent stress
field (Von Mises), fig. 4, and the resulting relative displacement field (deformation), fig. 3.
The maximum value of the resulting relative displacement field is 4.58 mm (fig. 3), located
on the model boundary at the end of the double mouldboard support. The maximum value
of the equivalent stress is 186.642 MPa, located at the top of the double mouldboard
support and at the connection points to the central tie rod of the tractor (fig. 4). The
component with the highest intensity of the resulting relative displacement is the one along
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the Ox axis. The distribution of the values of this component on the border of the structural
model is given in fig. 5. In fig. 6 is given the map of the distribution of the component
values along the Oy axis (the vertical to the ground surface) of the relative displacement, on
the border of the structural model of OCWFE.
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Fig. 3. Resultant displacement field on the model border, in mm.
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Fig. 4 Map of equivalent stress values on the model boundary, in MPa.
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Fig. 5 Map of the distribution of the component values along the Ox axis of the relative displacement
field, on the border of the structural model of OCWFE, in mm.
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Regarding the relative displacement of the structure along the Oz axis (transverse direction
to the direction of movement in the horizontal plane) it varies, on the boundary of the
structure, between -0.194 and 0.312 mm. In general, this component is used to detect
possible asymmetries in motion, phenomena that can give major effects in working process.

field, on the border of the structural model of OCWFE, in mm.

4 Discussion

The maximum value of the resulting relative displacement shows that the maximum
deformation of the structure compared to the rest position is located at the base of the
support of the double mouldboard that causes the same displacement of the double
mouldboard, therefore, there is the possibility of a maximum vertical deviation of 2.29 -
2.69% of the channel depth which must be produced by passing the machine (depth of 170-
200 mm). The deviation is negligible considering that the soil can itself produce such
deviations.

The maximum value of the stress registered in the upper area of the double mouldboard
support is not dangerous, ensuring a safety factor with a minimum value of 1.88, sufficient
in relation to the standards for agricultural machines, [17]. In addition, the double
mouldboard support has been simplified in the structural model used in this analysis, in
reality being much more rigid. High values of equivalent tension in the tractor attachment
area are negligible because the bearing is excessively rigid compared to reality (joints with
large clearances).

In fig. 5 can be observed the distribution of the component values along the Ox axis of the
relative displacement vector (deformation). This component has the dominant contribution
to the resulting relative displacement. The analysis of the relative displacement on
components shows that the absolute maximum value is concentrated on the Ox axis
(direction of advance of the aggregate), in the opposite direction to the direction of advance
(4.44 mm, at the area where the double mouldboard is attached to its support). The
component of the relative displacement on the Oy direction has the maximum value of
1.763 mm, in the positive sense, i.e. the structure rises or tends to come out of the ground.
This value is small than half the maximum of the resultant displacement value. Thus the
error of achieving the working depth is much smaller than the one calculated above. In
addition, the map of the distribution of the relative displacement on the border shows that
the vertical lift is maximum at the rear of the load-bearing structure, and the minimum
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value (which is negative) is registered in the area where the double mouldboard is attached
to its support. The negative sign of this component at the top of the double mouldboard
support shows that the working body tends to enter deeper into the soil.

The values between which the transverse component varies with the direction of movement
in the ground plane of the relative displacement (Oz axis), show that, although the structure
is not symmetrical, the asymmetry in displacement is still negligible.

All the above considerations are valid in the hypothesis that the support of the structure
(connection to the tractor) corresponds to reality. In reality, however, attaching the structure
to the tractor is more complicated, including play joints, which makes it very difficult to
model boundary conditions as a contact problem. For design needs, however, the
information obtained in the case of rigid boundary conditions is sufficient.

The efficiency of a complex structural analysis for a load-bearing structure such as the
strength frames of the agricultural machinery is still, a debatable problem, but it can be
clarified then when there will be enough examples of analyzes at different levels of
complexity for the same structure and the they results will be compared. Until then, there
will be enough learned or brave people who will "shoot with the cannon at the sparrows".
Generating 3D drawings to obtain the execution documentation is an operation that has
transformed in these times, many engineers into simple designers. Many know how to
generate complex curves and surfaces, which extruded give bodies with a very complex
geometry. Then, such bodies are joined into assemblies by operations of translation and
rotation in space. How many of these operators still know how to generate numerically, if
not the curves and complex surfaces, at least the line, the circle, the spherical surface, the
ellipsoid, etc. ? The black boxes, which are CAD programs, thus generate structural models
that have small defects, called gaps or interferences, just as parts or subassemblies which
are sets of disjoint points, or have non-empty intersections of non-zero 3D measurement.
Such drawings or flat drawings, 2D or classic projections can be used successfully for the
execution of physical models, because the human mind solves small errors such as gaps or
interferences, obviously, when they are small enough and do not generate malfunctions.
Solving such problems in execution practice is a matter of compromise between designer
and executor, more difficult when the executor is a machine and needs the exact numerical
model for an exact execution, with standardized tolerances.

The structural model prepared for the structural simulation must be carefully prepared so
that the gaps and interferences are sufficiently reduced so that the calculation can tolerate
them, possibly by introducing additional hypotheses. CAD-CAM models prepared by these
3D drawing programs (which generally have gaps and interference) have some errors
generated by the set errors of the program when coupling different parts or assemblies, but
at the same time they respect the tolerances of the standards, generating games without
which the coupling of parts or assemblies becomes impossible. Structural calculation
programs cannot tolerate large gaps and interferences. Small interferences are also difficult
to tolerate and give rise to difficulties of mesh generation. However, small gaps are not only
accidental but can often be necessary for installation. Even being small and regulatory from
the point of view of execution, the existence of the necessary gaps requires, for numerical
simulation, very large complications with contact problems. For this in the first stage of
study, such gaps are tried to be tolerated by various procedures. However, these procedures,
in general, do not correspond to reality. After eliminating gaps and interferences through
various procedures (couplings, for example), the CAD-CAE model is obtained which will
be subjected to structural analysis.

It is found that the analysis activity of a 3D structural model, meshed with solid elements, is
long-lasting, expensive. It is not recommended to use such a method in the early stages of
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design, in which many solutions change (profiles, materials, shapes, variants). Changes in
the structural geometry of these solutions will require redesign as well as all other
operations described above. It is much more convenient to use, especially for load-bearing
structures (resistance frames), 3D models, simple meshed with 1D finite elements, possibly
mixed (hybrid). Such a model greatly reduces or even cancels the number of gaps and
interferences. Complex 3D models are useful in the final design stage for determining stress
concentrators, structure optimization or improvement activity based on information about
the operation of the experimental model (elimination of intense vibrations, premature wear,
etc.). In order for both types of models (meshed with 1D and 3D elements, respectively) to
be fully accepted, in addition to experimental validation, a convergence study would also be
needed, which is not simple, [18].

5 Conclusions

The results of the analysis show that the structural analysis of a resistance frame for
agricultural machinery is useful primarily for checking the resistance, in the case of an
experimentally determined work regime (demands, conditions on the border, etc.). This
application is classic. The Cauchy tensor field is used and for global evaluation the
equivalent stress or main stresses.

The 3D structural model allows repeated changes to the loading assumptions or boundary
conditions, even the materials used. However, it is difficult to probe different solutions by
changing the geometry. This operation requires the regeneration of the geometry and the
resumption of the problem of eliminating gaps and interferences. In addition, a complete
analysis would necessitate an operation that can usually be considered a luxury in solving
the problem, namely the study of the convergence of the solution.

It is recommended that 3D structural models be used only in the final stage of calculation
and simulation when there are no frequent changes in geometry or changes in the geometry
of the loading and border conditions areas. Such models are mainly used to remedy the
deficiencies noted in the experimental stage or in operation (as in the example presented in
the article).

In order to optimize the structural analysis activity, it is recommended to seriously examine
the efficiency of the structural analysis on complex models in approaching the problems of
a structure from the category of those approached in this paper. There are a large number of
simple structures for complex studies on 3D models are justified only at most for
demonstration or learning purposes.

It must be taken into account that the CAD-CAE structures used in the structural analysis
are through the hypotheses used, different from reality (couplings made through false
hypotheses, the boundary conditions hypotheses and even the loading hypotheses). As a
result, the validation of the structural models must be done experimentally, an activity in
which it will be possible to motivate the differences between the theoretical and the
experimental results.
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