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In this paper is presented an experimental, theoretical and numerical study about the use of a biodegradable
composite material in the manufacturing process of the suspension elements for plane sieves used in mills
from bakery industry. The material was obtained by reinforcing an unsaturated polyester resin with cotton
fabric. Tensile tests were performed for materials having one, three, five and seven layers of cotton fabric and
the optimum solution was chosen. The material properties, obtained from the experimental tests, were
used in a finite element model realized for the strength calculus of the suspension element. The numerical
results were validated analytically. The study confirms that the biodegradable materials can be used for
manufacturing of the suspension elements of a plansifter and can be adapted for other parts or industrial
structures.
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A plansifter consist of a number of compartments
containing overlapping sifting surfaces, under rototranslation motion induced by a vertical shaft with
counterweights. During service, a certain point of the
machine describes a circle in a horizontal plane, the radius
of the circle being the amplitude of movement [1]. In the
dynamics of the sifting process such machines, which was
analysed for the first time by Jansen and Glastonbury [2]
and recently by Liu [3], an influence factor is the suspension
system. An example of a plansifter is presented in figure 1,
were one can see the suspension elements grouped into
four sets of eight elements.

Fig. 1. Plansifter with eight compartments (4 x 2, placed back to
back) [4]

The elements of the suspension system have lengths
between 1.5 and 2.5 m, circular cross-section and can be
manufactured from boiled beech wood, bamboo, steel,
plastic material reinforced with carbon fibres. During
service, they are subject to traction (due to the mass that
they are supporting), bending and shear (due to the
movement in the horizontal plane of the plansifter). If the
bending stiffness of the supports decreases, then the

amplitude of the plansifter increases, influencing thus the
sifting process [5].
The conditions and standards required in the food
industry motivate researches to use ecological and
biodegradable materials. In order to have a biodegradable
character, a synthetic material must be reinforced with
natural fibres (cotton, hemp, flax, sisal, bamboo). The
characteristics of a material depend on the properties of
its constituents, on their distribution and on the way how
they interact [6]. Generally, natural fibres have mechanical
properties comparable to those of glass fibre or carbon
and low specific weight, they are widespread in nature
and have a low cost [7-9].
In engineering, cotton is often used for reinforcement of
composite materials, in the form of fabric or short fibres. If
the reinforcement is made with fabric, the mechanical
strength of the composite increases with the percentage
of cotton [10-11]. Pamuk et al. [12] have studied the
traction, compression and impact behaviour of an epoxy
resin reinforced with flax or cotton fibres in the form of
fabric and have obtained mechanical properties superior
to the ones of the resin. Due to their properties, composite
materials reinforced with natural fibres have varied
application areas, being used to manufacture different
structures from simple packaging to components in the
automotive industry [13-14].
In this paper, tensile tests have been performed for a
polyester resin reinforced with one, three, five and seven
layers of cotton fabric. Since the highest tensile strength
was obtained for the material with five layers, the
possibility to manufacture plansifter suspension elements
from such material was investigated. For this purpose, a
finite element model was built, having the mechanical
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Fig. 2. Characteristic curves
obtained for the five materials

characteristics of the material with five layers of cotton,
obtained from mechanical tests. Two calculations were
performed with the finite element method: one in which it
was considered that the material is linear elastic and
another in which non-linearity was taken into consideration
by introducing the experimental stress-strain curve. The
obtained results were confirmed by analytical calculations
and have shown maximum stresses obtained numerically
are far below the ultimate stress of the proposed material.
Experimental part
In order to determine the optimum number of layers of
cotton fabric used to reinforce the polyester resin (Nestrapol
450-66), the mechanical properties obtained from tensile
tests for five materials, with zero, one, three, five and seven
layers of fabric were studied. The materials were obtained
as plates, by manual casting of resin alternatively between
the layers of cotton fabric. Material was left for hardening
seven days, at a temperature of 20oC. Five specimens from
each material were manufactured, according to the
standard ISO 527-1 (2000) [15]. The characteristics of each
specimen are listed in table 1.
Table 1
CHARACTERISTICS OF THE SPECIMENS

The tests were performed with an INSTRON 8800
testing machine, at a temperature of 20oC, with a loading
rate of 1 mm/min. The curves obtained for the five materials
are plotted in figure 2. In table 2 the main mechanical
properties of the studied materials are presented.
It can be noticed that material M5 has the highest tensile
strength but the stress values for which the resin fails is
about the same as in the case of material M7 (see points A
and B on the two curves). In practice, additional costs
appear when a greater number of layers of fabric is
introduced in the material. For this reason, the
characteristics obtained for the material M5 were
considered in the following calculations.
An important aspect is that the ultimate tensile strength
of the material M1 is smaller than the one for simple resin
Table 2
MECHANICAL PROPERTIES OF THE MATERIALS
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(M0). This can be explained by the fact that the specimens
made of the material M1 had a low thickness (1 mm) and
the resin has been weakened by the insertion of cotton.
Analytical calculation
The sifting efficiency of a plansifter is influenced by the
amplitude of its motion. The amplitude depends on the
stiffness of the plansifter suspension system. If an
optimum value of the amplitude is established, then,
knowing the bending stiffness of one suspension element,
one can calculate the force acting on the fastening system.
Obviously, this force is equal to the force with which the
suspension elements act on the plansifter, and implicitly
on the actuating mechanism.
A theoretical model for the calculation of the bending
stiffness of a suspension element is shown in figure 3a. In
figure 3b, the loads acting on the suspension element, and
reactions of connecting parts are depicted.
Through its clamping, the upper end has all degrees of
freedom constrained and, for the lower end, only the
rotations in the longitudinal plane of the bar are blocked.
The displacement of the lower end of the bar denoted as
„u”, represents the amplitude of motion and is equal to the
radius of the circle described by this point during functioning.
Because the rotations of the heads with respect to the
longitudinal axis are blocked, the bending load in the plane
(x,z) of the bar is a fully reversed one. For reasons of
symmetry, calculation was performed only in the plane
(x,z), being the same for any other longitudinal plane of
the bar.

Fig. 3. The calculation model (a) and loads during service (b)

In figure 3b, the following notations have been
considered: n – number of elastic supports of the
plansifter; Fn – the force developed by one support on the
plansifter, at its displacement equal to „u”; V1, H1, M1 –
reactions introduced by blocking the movements of the
upper end; M2 – reaction entered into the system by
blocking the rotation of the lower end; Gn – the weight
that an element must carry.
The relationship between the force Fn and u is written
as:
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where k is the stiffness during bending of the bar with a
force Fn. Constantin et al. [16] determined the constant k
for a similar model. Its expression is:

where E is Young’s modulus of the bar material and I is the
moment of inertia of the section about the axis
perpendicular to the bending plane (axis y in this case).
One can calculate the acting force of the entire
suspension system on the sieve as:

For the strength calculation of a support, it is necessary
to know the reactions forces in the supports. Using the
displacement method, a moment M2 = 0.5Fn . l , is obtained
[17]. From the equilibrium equations, the other reactions
are obtained. The diagrams of variation of the efforts that
occur in the suspension element, along the z axis, are
presented in figure 4. From these diagrams, one can notice
that the maximum values are in sections 1 and 2. The
maximum equivalent stresses in the two sections have
the same values but are recorded in different points. In any
point of the bar, the force Fn creates a shear stress (τzx), Gn
and M y produce normal stresses (σ z), which can be
cumulated.
For the numerical calculation, the parameters are
replaced with the ones for the considered plansifter model.
In the case of plansifter SPP 420, of Romanian production,
the following parameters are known: total weight of the
plansifter and its load (G) – 2155 kg; l – 1450 mm; u – 45
mm; d – 12 mm; n – 32 elastic supports.

Fig. 4. Variation of the efforts for one suspension element

If the supports are made of the material proposed in this
paper, a Young’s modulus of 4270 MPa can be considered,
in a linear elastic model. Substituting, one obtains:

where:
indices „b” and „t” correspond to bending and tensile
stresses;
xL and xR are the coordinates on the x axis of points L
and R;
A represents the cross section area of the bar.

Fig. 5. Points of section 1 in which the stress σz has extreme values
(a) and its variation in the direction defined by the two points (b)

The stress τzx in the two points is null and its maximum
value (in the centroid of the cross section), calculated using
the relation of Juravski [18], is much lower than the values
obtained for σz. For this reason, the shear stress can be
neglected. The maximum equivalent stress in the structure,
obtained analytically, is in the point L of section 1 and has
the value:
Numerical analysis
In order to present a numerical model for the suspension
systems of a plansifter, a finite element analysis was carried
out for the practical example studied analytically (the SPP
420 plansifter). Data from theoretical calculations were
used to build the finite element models. To validate the
numerical results, the displacement of the lower end of
the suspension element was calculated and the result was
compared to the analytical one.
Two calculations were performed, using the finite
element program ANSYS: one in which the material of the
suspension elements (M5) is linear elastic and another in
which the real stress-strain curve, obtained from tensile
tests was taken into consideration.
The geometry, boundary conditions and loading were
the same in both cases and are shown in figure 6. To block
the rotation of lower end of the suspension elements, two
such elements, were modelled and connected through a
body made of a more rigid material, with the Young’s
modulus E = 2·106 MPa. All degrees of freedom in the
upper end were constrained.

In figure 5a, the points in section 1 where the extreme
values for stress σz appear are represented. Between the
two points, the stress has a linear variation, as it is shown
in figure 5b. Using relations from Strength of Materials, the
following values were obtained for σz in point L
and in
.
point R
Fig. 6. Geometry, boundary conditions and loading for the two
models
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Fig. 7. Mesh of the two models

Loading consisted of four forces in the longitudinal
direction of the elements (z axis of the model) and four
forces in their transverse direction (x axis), applied in the
corners of rigid body to preserve the model symmetry.
Each of the forces on the z-axis direction is equal to 0.5Gn
(330.3 N) and each of the other forces has a value of 0.5Fn
(0.385 N).
The mesh with SOLID 186 elements [19], was the
same for both models and is shown in figure 7.
For the linear elastic model, the elastic constants were
considered E = 4270 MPa and ν = 0.3. For the non-linear
analysis, the characteristic curve of the material M5 from
figure 2 was schematized by considering 12 intervals on
which the material is considered linear, defined by 13
points. The obtained curve is shown in figure 8 and was
inserted in the numerical model. The slope of the first
interval is equal to 4270 MPa, the value considered in the
linear elastic analysis (represented by the dashed line in
fig. 8).
In figure 9a is shown the displacement field on the
direction of the x axis obtained using the linear elastic

Fig. 8. Schematized characteristic curve of material M5

model while in figure 9b the same field is shown in the
case of the nonlinear calculus. To validate the model, the
value of the maximum displacement obtained for the first
model is compared to the one imposed in the theoretical
study, where the material was considered linear elastic.
One can notice that the two values are very close (45 mm),
and thus the numerical model is validated.
In figure 10 is presented the normal stresses field on the
z axis for the linear elastic model. For the non-linear model,
the results for σz are presented in figure 11.
In order to compare the analytical results with the
numerical ones, the values of the stress σz were extracted
in the nodes lying in the top section of one of the bars,
illustrated in figure 12. These nodes are found in the direction
defined by the points L and R from figure 5a. In figure 13 is
represented the variation of the stress σz for all three
calculations: analytical, numerical - linear and numerical nonlinear. The coordinate which defines the position of a
point is the one measured on the x axis from the system
shown in figure 5a.

Fig. 9. Displacements field on the x
axis [mm] obtained for linear analysis
(a) and for the nonlinear analysis (b)

Fig. 10. Stress field σz [MPa] for the
linear model

Fig. 11. Stress field σz [MPa] for the nonlinear model
MATERIALE PLASTICE ♦ 52♦ No. 3 ♦ 2015
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Fig. 12. Nodes in which the values of the stress
σz were extracted
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Fig. 13. Variation of the σz stress on the
direction L-R in the three studied cases

The difference between the maximum stress obtained
numerically with the linear and nonlinear model, is
significant, due to the fact that the maximum stress is up
to the point 4 from the schematized characteristic curve
(fig. 8). The difference between the maximum stresses
obtained with the two numerical models is:

while the difference between the displacements at the
lower end of the suspension element is even higher, having
the value:

Conclusions
Taking into account the errors introduced in the
numerical calculations by considering the material as linear
it is necessary in such analyses to consider material nonlinearity. Displacement values are important, because, as
it was shown in the paper, they influence the efficiency of
the sifting process.
The suspension elements of the SPP 420 plansifter can
be manufactured from the material studied in this paper,
since the maximum stresses are much lower than the
ultimate strength of the material M5. The proposed
calculation methodology can be adapted for other models
of sifting machines and their suspension system. One
should mention that, for a given motion amplitude of the
analysed plansifter, any modification of the parameters used
to calculate the bending stiffness of a suspension element
leads to other values of the force with which the sieve acts
on it. Also, one must take into account the number of
supports, the weight of the plansifter and the maximum
load during functioning. All these factors influence the
values of loads, and, implicitly, the maximum stress.
The force with which the suspension system acts on
the plansifter is important for the actuating mechanism in
rotational motion. This may contribute to lower power
consumption of the motor during movement. If the bending
stresses are dangerous, another clamping system may be
considered, in order to reduce or remove the bending, for
example joint - joint. In this case, the force acting on the
plansifter is eliminated.
One aspect that should be considered regarding the
proposed material for manufacturing the suspension
elements is the fatigue behaviour. The stress cycle is fully
reversed and it has a period equal to the time in which a
plansifter point describes a full circle in the horizontal plane.
The study of the fatigue strength of the proposed
biodegradable material is a further direction of research.
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