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ABSTRACT - REZUMAT

New approach for design and development of multi-role aerial module for management
of the pedological drought

Soil drought, seen as the depletion of soil water reserves at watering depths below the readily accessible water content,
is a challenging problem for humanity, with a massive negative impact on social, economic, and environmental activities.
This paper proposes a new approach to the management of soil-induced drought disasters.

In this respect, 8 variants of fabrics (used as matrices of composite materials) and 3 variants of composite structures,
used in the construction of collapsible multi-roll aerial modules for soil drought, have been developed and tested in
INCDTP-accredited laboratories. Thus, the structures have been tested in terms of tensile behaviour, the strength and
elongation at break, respectively the strength and elongation at tear. The experiments carried out, as well as the
experience of specialists in the design of technical textile structures for special applications, have shown that the
manufacturing of textile supports used as matrices for composite materials used in the construction of collapsible multi-
roll aerial modules for pedological drought, structures specific to textile articles with special uses are used, for which
programming schemes have been obtained.

The patrticularly restrictive conditions imposed by the field of use, in conjunction with the values obtained from the
physical-mechanical testing of composite fabrics and structures, required the use of specialised software to obtain digital
solutions. The results obtained as a result of FEM simulation predicted the behaviour of textile structures, composites,
and the air module under dynamic conditions.
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O noua abordare pentru proiectarea si dezvoltarea unui modul aerian multirol pentru gestionarea
secetei pedologice

Seceta pedologica, vazuta ca epuizarea rezervei de apa din sol la addncimi de udare sub confinutul de apa usor
accesibil, este o problemé provocatoare pentru umanitate, cu un impact negativ masiv asupra activitatilor sociale,
economice i asupra mediului.

Aceastéa lucrare propune o noué abordare a managementului calamitatilor declansate de seceta pedologica.

In acest sens, au fost dezvoltate si testate in laboratoarele acreditate ale INCDTP 8 variante de teséturi (utilizate ca
matrici ale materialelor compozite) si 3 variante de structuri compozite, utilizate la constructia modulelor aeriene
colapsabile multirol pentru seceta pedologica. Astfel, structurile au fost testate din punct de vedere al comportérii la
tractiune, fiind determinate forta si alungirea la rupere, respectiv forta si alungirea la sfasiere. Experimentarile realizate,
precum si experienta specialistilor in proiectarea structurilor textile tehnice pentru aplicatii speciale au evidentiat faptul
cd, pentru realizarea suporturilor textile utilizate ca matrici pentru materialele compozite utilizate la constructia modulelor
aeriene colapsabile multirol pentru seceta pedologica se utilizeaza structuri specifice articolelor textile cu utilizari
speciale, pentru care au fost obtinute schemele de programare.

Conditiile deosebit de restrictive impuse de domeniul de utilizare, coroborate cu valorile obtinute in urma testarii
fizico-mecanice a tesaturilor si structurilor compozite, au impus utilizarea unui software specializat pentru obtinerea
solutiilor digitale. Rezultatele obtinute ca urmare a simuldrii cu FEM au predictionat comportarea in conditii dinamice a
structurilor textile, materialelor compozite si implicit a modulului aerian.

Cuvinte-cheie: modul aerian multirol, seceta pedologicd, mulcire aeriand, CAD-CAM, modelare, FEM

INTRODUCTION

Extreme weather events in recent years have shown
that the Earth’s health is deteriorating at an acceler-
ating rate. Dry areas on the Earth’s surface have
increased and are susceptible to accelerated degra-
dation and desertification through loss of fertility
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[1-3]. Desertification is a real threat, provoked both
by human activities (excessive or inefficient water
use, overgrazing and deforestation, excessive urban-
isation and industrialisation, etc.) and climate change
(rising average temperatures, increasing intensity
and frequency of droughts and other extreme weath-
er events, etc.) [2-5].
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Soil is the “fragile skin” that anchors all life on Earth
and from which biodiversity springs, and it has been
damaged by almost 50% in the last 150 years of its
existence [3, 6].

According to the European Commission’s World
Atlas of Desertification, more than 75% of the land is
already degraded, and more than 90% could be
degraded by 2050. Globally, a total area the size of
the EU (~ 4 million km?2) is being degraded every
year, with economic impacts of billions of euros annu-
ally. At the same time, the accelerating loss of forests
will make mitigation efforts more challenging [4, 7, 8].
Global warming exacerbates droughts and concur-
rent heat waves in many parts of the world, leading to
an increase in the frequency of natural disasters such
as severe vegetation fires, and significant impacts on
water resources and human health [6, 9]. The deple-
tion of the soil water reserve at watering depths
below the readily accessible water content is consid-
ered a “pedological drought”. In terms of agrometeo-
rological drought indices, the moisture level gener-
ates 3 levels of pedological drought: moderate (35%
—50%), severe (20%—35%), and extreme — below
the wilting point (0% —20%) [10, 11]. When lands are
extremely dry, they are susceptible to erosion, and
the topsoil is rapidly removed, further degrading the
land surface. When talking about forested areas, fires
and irresponsible logging are major causes of sail
erosion [12, 13]. Measures to mitigate post-fire ero-
sion mainly aim at reducing the kinetic energy of rain-
drops that would cause heavy run-off, thus enhanc-
ing water infiltration and limiting the detachment and
transport of soil particles [8, 14]. This is achieved
either by creating physical barriers on slopes and in
the catchment, by building gabion-like structures for
hydrological routing and control, or by covering the
burnt soil with organic or inorganic protective layers
(“mulching”) or by vegetation recovery [9]. Mulch lay-
ers are most often in the form of agricultural residues

(wheat, barley, or rye straw) or heterogeneous wood
residues produced “in situ” or “ex-situ” (chips, shav-
ings, chips of saw, branches, or from logs. Covering
the burnt areas with a medium-thick layer of mulch
(about 5 cm) accelerates native vegetation recovery
by maintaining moisture and protecting it from heat
and solar radiation. This gives the seeds in the soil a
better chance to germinate and stabilise the burnt
areas. Aerial interventions are a viable solution for
soil protection through mulching but require adequate
logistics for the storage, transport, and spreading of
mulch bales. Among the textile structures used in
aerial mulching operations are knitted (knotless)
cargo nets, woven or combined polyester (PES),
polyamide (PA), or polypropylene (PP) strips.

This paper presents an innovative solution in the field
of computer-aided design using specialised software
for the realisation of a collapsible multi-roller aerial
module for mulching. In this respect, textile moulds
used for composite materials and composite fabrics
used in the construction of a collapsible multi-roll
aerial module for mulching were subjected to experi-
ments.

MATERIALS AND METHODS
Materials used

For a digital design of the modelling and simulation of
a multi-role structure intended for interventions in
areas affected by soil drought, 8 woven textile struc-
tures were tested and analysed, from the point of
view of physical-mechanical behaviour (table 1):

» Determination of maximum force and elongation at
maximum force using the strip method, according
to SR EN ISO 13934-1/2013.

» Determination of tear force of wing-shaped test
specimens, according to SR EN ISO 13937-3/ 2000.

The images and graphs from these experiments are

presented selectively in figures 1-6 and for the coat-

ed fabrics in figures 7-10.

Table 1
PHYSICAL-MECHANICAL BEHAVIOUR OF WOVEN TEXTILE STRUCTURES
Raw material Weave Yarn fineness
Variant
warp weft warp weft
T1 100% cotton 100% cotton 11 200dtex x 2 200dtex x 2
T2 100% PES 100% PES D2/1 167dtex/36fx1/150Z 167dtex/36fx1/150Z
T3 100% PES 100% PES ripstop 76dtex/36fx1/800Z 76dtex/36fx1/350Z
T4 100%PA6.6 100%PA6.6 D2/2 660dtex/120fx1 660dtex/120fx1
100%p-aramid
1100dtex/1192fx1
0, 0,
T5 100%PES 100R-/02|-31ES R2/1 1100dtex/192fx1/80Z 1100dtex/192x1/80Z
. 100%p-aramid 1670dtex/1192fx1
0, -
T6 100%p-aramid 100% PES RB1/2 1670dtex/192fx1/80Z 1100dtex/192fx1/80Z
100%PAG.6
T7 100%PAG6.6 100% p-aramid P2/2 880dtex/120fx1 880dtex/120fx
T8 100%PA6.6 100%PA6.6 11 660dtex/120fx1 660dtex/120fx1
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Fig. 1. Maximum breaking force with the strip specimen and corresponding stress-elongation diagrams
for 100% cotton fabric (T1): a — testing in the warp direction (U); b — testing in the weft direction (B)
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Fig. 2. Maximum tear force with a wing-shaped test piece and the corresponding stress-elongation
diagrams for 100% cotton fabric (T1): a — testing in the warp direction (U); b — testing in the weft direction (B)
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Fig. 3. Maximum breaking force by strip specimen method and corresponding stress-elongation diagrams for
fabric 30 % p-aramid / 70 % PES (T5): a — testing in the warp direction (U); b —

testing in the weft direction (B)
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Fig. 4. Maximum tear force of specimens (wing-shaped) and corresponding stress-elongation diagrams for
fabric 30 % p-aramid/ 70 % PES (T5): a — testing in the warp direction (U); b — testing in the weft direction (B)
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Fig. 5. Maximum breaking force by the strip specimen method and corresponding stress-elongation
diagrams for fabric 100% PA 6.6 (T8): a — testing in the warp direction (U); b — testing in the weft direction (B)
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Fig. 6. Maximum tear force of specimens (wing-shaped) and corresponding stress-elongation diagrams
for fabric 100% PA 6.6 (T8): a — testing in the warp direction (U); b — testing in the weft direction (B)

Load, N
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Fig. 7. Maximum breaking force by the strip specimen method and corresponding stress-elongation diagrams
for 100% PAG.6 film-coated fabric: a — testing in the warp direction (U); b — testing in the weft direction (B)

Load. N
—

Extension, mm

a

Fig. 8. Maximum tear force of specimens (wing-shaped) and corresponding stress-elongation diagrams for
100% PAG6.6 film-coated fabric: a — testing in the warp direction (U); b — testing in the weft direction (B)

Extansion, mm

a b

Fig. 9. Maximum breaking force by strip specimen method and corresponding stress-elongation diagrams
for fabric 80% p-aramid / 20% PES: a — testing in the warp direction (U); b — testing in the weft direction (B)

Extension, mm

Fig. 10. Maximum tear force of specimens (wing-shaped) and corresponding stress-elongation diagrams
for fabric 80% p-aramid / 20% PES: a — testing in the warp direction (U); b — testing in the weft direction (B)
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Fig. 11. Programming schemes of woven structures T1 — T8:
1 — weave; 2 — reed; 3 — drawing-in; 4 — sinker command; 5 — pattern card

Programming schemes for textile structures

Experiments carried out in INCDTP-accredited labo-
ratories, as well as the experience of specialists in
the design of technical textile structures for special
applications have shown that the realization of textile
supports used as matrices for composite materials
used in the construction of collapsible multi-roller
aerial modules for fire and soil drought and of flow
arresters, specific structures are used for textile arti-
cles with special uses, for which the programming
schemes are defined according to figure 11.

CAD for the functional model of a multi-roll
collapsible aerial module for soil drought

The digital design carried out by INCDTP specialists,
based on the results obtained from the tests and
experiments carried out (used as input data), allowed
the CAD, with the help of a specialised program, to
create the functional model of the collapsible multi-
roll aerial module for pedological drought. The CAD
model obtained (at t=0) for the collapsible aerial
module for soil drought is shown in figure 12
(Sketcher and Part Design).

The theoretical foundation of the construction of this
type of aerial module was based on the theories of

Fluid Mechanics, which allowed the use of the fol-

lowing working hypotheses:

a) the environment is continuous for all the situations
taken into account, i.e. the mass distribution is
considered to be continuous in the occupied vol-
ume, from a mathematical point of view, it is con-
sidered to be continuous;

b) the infinitesimal internal forces in the medium are
considered to be statistical averages of the inter-
action forces between the constituent elements,
the effect of the static average being independent
of the individual state of the constituent elements
(solid, in the case of the collapsible multi-roll air
module for soil drought);

c) dA (area) was considered a (sufficiently small)
size on which the force dF acts, which does not
depend on the individual state of the elements in
dA;

d) the environment is loaded with concentrated
forces Fi and distributed loads pi, and the external
loads give rise to internal forces, hence stresses;

e) the stress vector (defined as mean values) is

AF
defined as t = E and decomposes into a normal

FoalA S ad OB eRA AN A
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Fig. 12. Digital solution for collapsible aerial mode for soil drought at time {=0
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component —c and a shear component tangent to
the surface 1, these (T, Tyz, Tyxs Tyzr Tzx Tzy) @ll NOt
being independent;

f) the stress tensor is of the form:

Ox Txy Txz Ox Txy Txz
6=|Tx Oy Ty|=|Ty Oy Ty,
Tzx Tzy O Txz Tyz Oz

g) the stress state at a point is defined by equilibrium
conditions of the form:

1)
&dx) dyt +

o,dyt — 1, dxt + (csx + ox

80«
+ (ryx + S—ydy)dxt + f,dxdt =0
80, 0T _ 080, Oty _
ox | ox *h=0 8y+6x+fy_0

or three-dimensional (for FEM simulation):
80X+ dTx . 0T,y

& 8y &z th=0;
dt,, 080, d1, s
ox Sy -y *hy=0
o1y, . 81y, . oo, ff=0;
dx  dy 4

h) the variation of stress around an isolated point is
demonstrated using a tetrahedron with rectang-
ular surface vectors 7', 7', k of the axis system;

i) the balance of elementary forces in each direction
is:

—_ —_ —_
Ppx = Oxl + Txy] * Txz

B — —
py - Tyxl + Gy] + Tyz

1 & &

_ — —
Pz =Tzl +Tz) +Oyk

j) the Von Mises criterion (for the interpretation of the
Gauss solutions resulting from the simulation)
means the probability of occurrence of cracks at
the level of the contact of the structure with the
fluid) and from a mathematical point of view, rep-
resents the square root of the second invariant of
the stress tensor, i.e. in Cartesian form:

]2 = Tgy + T)?z + T)%y + 16 [(Tyy_ Tzz)2 + (Tzz_ Tyy)z]

k) input for each product considered — represented
by: the system of units, the reference system, the
geometry of the structure, the material from which
the structure is to be made, the type of element for
discretising the structure, the type of analysis to
be performed, the conditions on the contour (pre-
processing stage).

I) the idealisation of the contour was made possible
with the help of the sketcher application of the
integrated system. The shape of the 2D element
that will be the starting point for the 3D model to
be subjected to structural analysis, the dimension-
al constraints, and the 2D and 3D geometries
(Part Design) were customised.

RESULTS AND DISCUSSIONS

With the Generative Structural Analysis module, it
was possible to generate the finite element structure

Table 2

STRUCTURAL ANALYSIS

Studied situation

Visuals

View constraints, stresses, and loads

Von Mises stress (nodal values):
[0, 65.2] N_m2

Stress principal tensor:
[-41.8; 25.8] N_m2

Errors:
[2.14e-017; 1.07e-012] J
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in two steps, namely: discretisation and introduction
of finite element properties. The FEM model solution
created for the MF was done with the help of spe-
cialised software. Post-processing allowed visuali-
sation of the results for 3 distinct situations, respec-
tively:
* A. For the situation where the MF has a 5000 kg
mass load, {p=0s;
* B. In case MF has deployed a part of the load and
has 2000 kg left, t; = fy + € s;
» C. For the situation where MF is empty, {,=t;+ € +
+vs.
The solver included in the program enabled the struc-
tural analysis program, which revealed the following:
nodal values (Von Mises), principal stress vector, and
errors (table 2 for the most difficult situation, i.e.
where MF has a 5000 kg mass load, la t{,=0s). The
stress state (possible cracks) at the contact level of
the composite structure with the fluid was predicted
using the Von Mises criterion explained above.

CONCLUSIONS

The stress state in the system (possible cracks) like-
ly to occur at the contact of the composite structure
with turbulent moving air was predicted using the Von
Mises criterion, according to which the solid body
boundary state occurs when the shape-modifying
specific potential energy reaches the material’s char-
acteristic boundary value.

For the composite material from which the collapsible
multi-roll module for soil drought is made, a permissi-
ble resistance of the order of +009N_m2 is required.
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