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ABSTRACT

Larger and larger areas of the planet are experiencing drought, a natural phenomenon
that occurs due to a prolonged period of abnormally low rainfall or there is an insuf-
ficient water quantity. The paper presents the stages of the incremental iterative
development of a collapsible aerial module used for mulching the soil affected by
extreme pedological drought, starting with the clear requirements imposed on the
functional system in real conditions of usage. The phases of iterative development
were completed, starting from the digital and experimental design, the realization
and testing of the system. Thus, the initialization phase included the digitalization
sequences corresponding to the digital design of the system and performance eval-
uation by testing for 3 distinct requirements. The testing was carried out for all 3
situations, visualizing: the deformation under the effect of dynamic pressure, the Von
Mises stress fields, the distribution of the displacement vectors and the errors. The
second phase of the incremental development consists in the experimental design
with the help of the Optitex Pattern Making PDS (EFI Optitex) software, obtaining the
type and dimensions of the system and the multiplication. The incremental leads to
a rapid development and realization of the functional model for pedological drought,
and its systematic testing in real conditions of usage will enable the improvement of
the both type-dimensional parameters and of the fabrication technology.
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INTRODUCTION

Drought is a critical global problem that affects the environment, economies
and social well-being of communities around the world, being associated
with a severe impact on agriculture, wildlife, water supply and public health.
The management of interventions in these cases is particularly important
(Gâf -Deac Ioan I., et al., 2015).

There are several types of draught classified according to their causes and
impacts. These include:

• Meteorological Drought: This type of drought occurs when there is a pro-
longed period of below average rainfall or when the rate of evaporation
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is greater than the rate of rainfall. It is the most common type of drought
and is often associated with hot and dry weather conditions.

• Agricultural Drought: Agricultural drought occurs when there is a penury
of water that affects agricultural production and animal life. It is caused
by a lack of soil moisture and can have serious economic consequences
for farmers and rural communities.

• Hidrological Drought: Hydrologic drought occurs when water levels in
rivers, lakes, and groundwater are lower than usual. (Gâf-Deac Ioan
I., et al., 2015). It can have serious impacts on water supplies, aquatic
ecosystems and hydropower production.

• Socio-Economic Drought: Socio-economic drought occurs when there is
a water penury that affects human activities such as water supply, indus-
try and recreation. (Gâf-Deac Ioan I., et al., 2022). It can have significant
social and economic effects, especially in urban areas (Andrei J.V. et al.,
2021, Andrei J.V. et al., 2022). The decrease of the soil water reserve corre-
sponding to the watering depth, below the easily accessible water content
is considered “pedological drought” (Andrei J.V. et al., 2022).

According to climatologists, if meteorological drought persists for a long
period, then it turns into pedological drought (i.e., the lack of water reserves
in the soil). If these phenomena still persist for a long period of time, the last
stage associated to hydrological drought will be occurred (i.e., the level of
rivers and lakes decreases at the regional level). Figure 1a presents the image
obtained by ESA as a result of processing the data received from Copernicus
Sentinel for the morning of July 17, 2023. It is worth noting the positive dif-
ference between the surface temperature of the soil and the air temperature,
which due to the climate changes that dominate the planet, will probably
be more frequent and larger, with particularly severe consequences for the
whole planet. Figure 1b illustrates the time series recorded by the Coperni-
cus Climate Change Service (C3S), consolidated and processed by The World
Meteorological Organization (WMO), every year for daily surface air temper-
ature, starting with 1940 (blue line) and until this year. The years 2020 – 2023
are drawn with lines from brick red (2020), dark red (2016) and bright red
(2023). The grey band with dotted line represents the 1.5◦C threshold above
preindustrial level (1850–1900) and its uncertainty.

It is clearly highlighted that on July 6, 2023, the air temperature recorded
as an absolute record in August 2016 was exceeded. Moreover, starting with
the month of May, the global average sea surface temperature was the highest,
compared to the values recorded since meteorological observations are made,
contributing to the increase of air and soil temperatures.

The predictions made by the WMO evidence the fact that, with a 98%
likelihood in the next period (years 2024 – 2028), in at least one year the
values recorded for July 2023 will be exceeded.

The most used technique for protecting the soil against pedological
drought is represented by mulching, a technique that allows preserving soil
moisture (by reducing evaporation) and limitation of the weed growth (lack
of light forces etiolation and exhaustion). Application of mulching layers,
mainly in the form of agricultural residues (wheat straw, barley or rye) or
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heterogeneous wood residues produced “in situ” or “ex situ” (chips, strands,
chips, branches or logs) is a widely used technique for mitigating soil erosion
after fires and for revegetation, due to its cost-effectiveness.

Figure 1: a.Temperature of surface of the land in the morning of 17 July 2023, during a
heatwave - Copernicus Sentinel data (2023), processed by ESA; b. Global daily surface
air temperature (◦C) from 1 January 1940 to 23 July 2023.

Moreover, through mulching, digging and loosening operations are elim-
inated, because an extraordinary variety of living beings develops under
the mulch, the most important of which being the Oligochaeta taxon, the
Annelida family. In Romania, in 2017, the area dedicated to the cultivation
of cereals was 5.11 million hectares, approximately 39% of the country’s
agricultural area.

The paper presents the stages of incremental iterative development of a col-
lapsible aerial module used for mulching soil affected by extreme pedological
drought using digital techniques, both for performance evaluation through
testing, and for establishing technical execution documentation.

MATERIALS AND METHODS

The initialization phase included the digitalisation sequences corresponding
to the digital design of the system and the performance evaluation through
testing (sketcher, part design, assembly design and generative structural anal-
ysis) for the following 3 distinct requirements: i) for the situation where the
module has a mass load of 5000 kg, t0=0 s; ii) for the case where he placed
part of the load and still has 2000 kg, t1=t0+ε s and iii) for the situation
where the module is empty, t2= t0+ε+γ s.

Figure 2: MF multi-role collapsible aerial module for pedological drought design -
sketcher a. MF dimensioning, b. ISO-constrained diagnostic and analysis report for
MF geometry (construction), c. General status report for default profiles of MF.
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The CAD report drawn up in the second phase of project implemen-
tation, corresponding to the functional model (MF) multi-role collapsible
aerial module for pedological drought included the digitalisation sequences,
respectively:

a. Sketcher – with the sketching application of the integrated module
(Figures 2, 3).

b. Part Design – creation of the MF 3D (Figure 4).
c. Assembly Design – with the module integrated in the software (Figure 5).

Figure 3: MF multi-role collapsible aerial module for pedological drought design -
sketcher. a. MF curves application – single view, b. MF for part design – multi view.

Figure 4: MF multi-role collapsible aerial module for pedological drought design – part
design: a. Multiview; b. Single view.

Figure 5: MF multi-role collapsible aerial module for pedological drought design -
assembly design. Pocket definition: 3000 mm.

The main physical-mechanical characteristics of the composite material
used are presented in Table 1.

Table 1. Physical-mechanical characteristics of the composite material.

Composite material V1

Mass, g/sqm, min 480
Breaking resistance, warp/weft, daN, min 350/350
Constructive complex shape Parallelepiped, pyramid trunk and

parallelepiped
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RESULTS AND DISCUSIONS

The testing was carried out for all the 3 situations differentiated according to
time, visualizing the following characteristics: deformation under the effect
of dynamic pressure, Von Mises stress (nodal value), tensor stress and errors
errors.

The possible cracks of the system were predicted using the Von Mises cri-
terion, according to which the limit state of the solid body occurs when
the specific potential energy modifying the shape reaches the limit value
characteristic of the material (permitted resistance of min +010N_m2).

With the help of the Generative Structural Analysis module, it was possi-
ble to generate the structure with finite elements in two stages represented
by the discretization and the introduction of the properties of the finite ele-
ments (Table 2). The solution of the model with FEM created for MF was
generated with the help of specialized software. The post-processing enabled
the visualization of the results for 3 distinct situations, respectively:

Table 2. Post-processing values.
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The possible cracks of the system were predicted using the Von Mises criterion, 

according to which the limit state of the solid body occurs when the specific 

potential energy modifying the shape reaches the limit value characteristic of the 

material (permitted resistance of min +010N_m2).  

With the help of the Generative Structural Analysis module, it was possible to 

generate the structure with finite elements in two stages represented by the 

discretization and the introduction of the properties of the finite elements (Table 

2). The solution of the model with FEM created for MF was generated with the 

help of specialized software. The post-processing enabled the visualization of the 

results for 3 distinct situations, respectively:  

- A. For the situation when the MF has a load with a mass of 5000 kg, t0=0 s; 

- B. For the case when MF has taken over part of the load and still has potential 

for 2000 kg, t1=t0+ɛ s; 

- C. For the situation where the MF is empty, t2= t0+ɛ+ɤ s. 

The values resulted from post-processing are presented in table 2. 

Postproc. t0=0 s t1=t0+ɛ s t2= t0+ɛ+ɤ s 

Deformation 

Von Mises 

Stress 

(nodal 

value), 

N_m2 [0; 4.5e+005] [0; 2.48e+005] 

[2.03; 1.54e+005] 

Cut Plane 

Analysis 

Tensor 

stres, 

N_m2 

[-1.49e+005; 

4.99e+005] 

[-1.39e+005; 

2.23e+005] 

[-6.51e+004; 

1.46e+005] 

Errors, J 

[1.73e-009; 

0.000947] 

[8.98e-010; 

0.000294] 

[2.87e-015; 

4.44e-005] 
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• A. For the situation when the MF has a load with a mass of 5000 kg,
t0=0 s;

• B. For the case when MF has taken over part of the load and still has
potential for 2000 kg, t1=t0+ε s;

• C. For the situation where the MF is empty, t2= t0+ε+γ s.

The values resulted from post-processing are presented in Table 2.
The values obtained after the tests highlight that:

- the assembly can be considered a rigid body that will withstand the real
conditions of use regarding: forward resistance, helicopter movement
speed, load weight, transverse and longitudinal oscillations.

- the ranges of variation obtained for Von Mises stress and tensor stress
demonstrate that the composite material from which the whole assembly
is built will withstand the specific conditions highlighted previously.

It was necessary to calculate both the Von Mises stress and the principal
stresses, because, if for von Mises the state of stress is described by 6 Cauchy
stresses (mathematical combination of all components of both axial and shear
stresses that vary from point to point and represents a reasonable indicator
for the possible occurrence of failure) (Jefferson AD et al., 2004, Gerring
John et al., 2004, Touraj Gholami et al., 2004), for the principal stress ten-
sor - the directions in which the assembly under test is clearly highlighted
it is in a state of pure tension or compression. (Jalal Nikoukaran et al.,
1999, Vijayaraghavan Athulan et al., 2005, Lee, K. 1999, Handren A. Amin,
2008).

Additionally, the minimum and maximum values obtained for the interior
of the assembly (mulch), and represented with the help of cut plane analysis,
highlight the fact that the composite material will resist to the action of the
dynamic forces developed in real conditions of usage.

The second phase of the incremental development was focused on the
experimental design with the help of the Optitex Pattern Making PDS (EFI
Optitex) software, obtaining the type-dimensions of the system and the mul-
tiplication (2D pattern construction, 3D simulation and visualization). The
completed stages are presented in Table 3.

In addition, the technical execution documentation (phases of the techno-
logical flow, equipment used and types of joints) for the panels of the air
module was drawn up (Table 4).

The last two phases of the technological flow were performed manu-
ally mainly the one related to the insertion of the suspensions through
the upper and lower stitches, the final length of the suspension
attached to the upper stitches being 1.5 m, and to the lower ones
of 4 m.



The Incremental Development of a Collapsible Aerial Module 53

Table 3. CAD design stages.
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- the assembly can be considered a rigid body that will withstand the real 

conditions of use regarding: forward resistance, helicopter movement speed, load 

weight, transverse and longitudinal oscillations.  

- the ranges of variation obtained for Von Mises stress and tensor stress 

demonstrate that the composite material from which the whole assembly is built 

will withstand the specific conditions highlighted previously.  

It was necessary to calculate both the Von Mises stress and the principal stresses, 

because, if for von Mises the state of stress is described by 6 Cauchy stresses 

(mathematical combination of all components of both axial and shear stresses that 

vary from point to point and represents a reasonable indicator for the possible 

occurrence of failure) (Jefferson AD et al., 2004, Gerring John et al. 2004, Touraj 

Gholami et al., 2004), for the principal stress tensor - the directions in which the 

assembly under test is clearly highlighted it is in a state of pure tension or 

compression. (Jalal Nikoukaran et al., 1999, Vijayaraghavan Athulan et al., 2005, 

Lee, K. 1999, Handren A. Amin, 2008).  

Additionally, the minimum and maximum values obtained for the interior of the 

assembly (mulch), and represented with the help of cut plane analysis, highlight 

the fact that the composite material will resist to the action of the dynamic forces 

developed in real conditions of usage. 

The second phase of the incremental development was focused on the 

experimental design with the help of the Optitex Pattern Making PDS (EFI 

Optitex) software, obtaining the type-dimensions of the system and the 

multiplication (2D pattern construction, 3D simulation and visualization). The 

completed stages are presented in table 3. 

2D pattern construction 3D Visualisation 

Figure 6a – 2D Panel 

Figure 6b- 3D model obtained by assembling the panels 

Figure7a- Top view 

Figure 7b- Bottom view 

Table 4. Technical documentation for the execution of panels.
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In addition, the technical execution documentation (phases of the technological 

flow, equipment used and types of joints) for the panels of the air module was 

drawn up. (table 4). 

The last two phases of the technological flow were performed manually mainly 

the one related to the insertion of the suspensions through the upper and lower 

stitches, the final length of the suspension attached to the upper stitches being 1.5 

m, and to the lower ones of 4 m.  

Description of the technological 

phase 

Section and coding according to 

SR ISO 4916:1999 Textile 

materials. Types of joints. 

Classification and terminology 

Equipment 

type 

It is applied to the upper part 2 

stitches on each panel, at a 

distance of 3 cm from the upper 

edge and of 3 cm from the side 

Pneumatic 

press for 

applying the 

stitches 

It is applied to the bottom 1 

stitches on each panel, at a 

distance of 3 cm from the bottom 

edge of the mulch drain 

Pneumatic 

press for 

applying the 

stitches 

The panels are overlapped and 

tiled with a single seam, then 

flattened with a double seam 301- Ssa- 1 and 301-LSb-3 

Simple 

Sewing 

machine 

The 3 cm wide strap is applied 

over the flattened seam 

301-LSb-4 

Simple 

Sewing 

machine 

CONCLUSION 

The incremental iterative development of a collapsible aerial module used for 

mulching the soil affected by extreme pedological drought was based on a waterfall 

sequence in which each iteration participated in the realization of a part of the 

assembly. This part actually represents the input for the next iteration, respectively: 

analysis – design – development – testing.  

For each new iteration, the elements defined by the previous iterations were 

detailed, added and modified (e.g., the type-dimensions of the assembly - the 

technological flow of its realization).  

The validation of the assembly was carried out through its virtual testing, therefore, 

the collapsible aerial module developed so far will be tested under real conditions 

of use, by mulching the soil in the south-west of Europe, the area with high water 

stress, with an extreme level of humidity, of 0% - 20%. 
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CONCLUSION

The incremental iterative development of a collapsible aerial module used
for mulching the soil affected by extreme pedological drought was based on
a waterfall sequence in which each iteration participated in the realization of
a part of the assembly. This part actually represents the input for the next
iteration, respectively: analysis – design – development – testing.

For each new iteration, the elements defined by the previous iterations were
detailed, added and modified (e.g., the type-dimensions of the assembly - the
technological flow of its realization).

The validation of the assembly was carried out through its virtual testing,
therefore, the collapsible aerial module developed so far will be tested under
real conditions of use, by mulching the soil in the south-west of Europe, the
area with high water stress, with an extreme level of humidity, of 0% – 20%.
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