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Summary. The values of the physical and
mechanical properties of oilseed crops (flax Svetlozir,
sunflower Nadioznyy, mustard Tavrichanka, camelina
Prestige, rape Legion, soybeans Deni) are received, such
as: the indicators characterizing flowability of seeds
(angle of repose φ) frictional properties of seeds (static
friction coefficient f) porosity ε and the density ρ, size and
mass characteristics of seeds (length L, width W,
thickness T, the effective diameter De, the mass of 1000
seeds M1000). On the basis of the obtained experimental
data the analysis of the affect of moisture content of seeds
Wb on the studied characteristics was made. Based on
these studies, it can be argued that when designing and
calculating of the machines for cleaning and separation of
oilseed crops as the initial dimensional indicators of
seeds, their averages values can be taken. Also, the data
of the study on the determination of physical and
mechanical properties of oilseed crops will allow
obtaining input data for modeling the process of their
cleaning and separating, choice of optimal machine
parameters to ensure these processes.
The results of studies of the size and mass
characteristics of oilseed crops show that the sizes of the
basic weight of seeds slightly deviate from the average
size, but impact of moisture content on the studied
parameters is traced.
On the basis of the conducted studies, it can be
argued that when designing and calculating the machine
for cleaning and separating the seed materials of oilseed
crops, their average values can be taken as the initial
dimensional indicators of the seeds. Also, data from the
study on determination of physical and mechanical
properties of oilseed crops will allow obtaining basic data
for modeling of their cleaning and separating process, and
the selection of optimal machine parameters to support
these processes.
Aerodynamics of seeds (flax Svetlozir, sunflower
Nadioznyy, mustard Tavrichanka, camelina Prestige, rape
Legion, soybeans Deni) in air flow was studied for
various fractions of the material that was beforehand
divided in sizes.
As a result of the research, the dependences of the
speeds of whirling on the geometric parameters of the
seeds were obtained, from which it was determined that
with the increase in the geometric sizes of seeds, their
whirling speed increases linearly for each oilseed crops.
Key words: seeds, oilseeds, physical and mechanical
properties, sunflower, rape, mustard, saffron, soybeans.

INTRODUCTION
The technology of postharvest processing of oilseed
crops is a complex functional system that exerts manysided impact on quality of the received seeds and depends
on its physical and mechanical properties [1].
The unsatisfactory quality of seeds leads to a
significant decrease in the yield of agricultural products,
to a large overexploitation of the seed material. Physical
and mechanical, physical and chemical and biological
properties of oilseed crops and its oil raw materials
determine the choice of machines and the technology of
its processing [1].
Numerous studies of the processes of oilseed crops
formation have shown that their different quality caused
by different conditions of the temperature, water and
nutrient regimes is appeared not only in morphological,
but also in physical characteristics. The fullness of seeds
of seeds of modern varieties and hybrids, the epidermal
membrane ratio, hypodermis, layer of sclerenchyma fibers
and other structural components directly affect on the
strength characteristics of the seeds, their ability to
withstand during threshing and cleaning at grain cleaning
complexes. At the same time, their physical and
mechanical properties are significantly changed, on which
the grain harvester's settings depend, technological
parameters of machines for postharvest processing,
cleaning and drying of seeds. The amplitude adjustment
and frequency of oscillation of sieve box, the choice of
the sizes and types of sieves, the speed of the air flow in
the aspiration system, the permissible speed of movement
of seed mass in the norias, and other indicators depend
from the physical and mechanical properties. The ability
of oilseed crops to resist compression and bending must
be taken into consideration not only when transporting
and storing seeds at elevators, but also when processing
them at fat-and-oil and confectionary enterprises.
Power consumption of tumble (drying) machines, oil
presses and other processing equipment depend on
ultimate strength [2].
The physical and mathematical description of
technological mixing processes, mechanical aeration of
organic waste, and later formation of a heap, is quite
complex, as it includes a mathematical apparatus of
discrete environments with inhomogeneous, physical and
mechanical anisotropic and rheological properties.
Therefore, the problem of creating scientific bases for the
technological process of mixing and mechanical aeration
of organic waste should be solved in a complex.
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The patterns of the morphological parameters affect
of the seed material of oilseed crops on their physical and
mechanical properties (Fig. 1) make it possible to create
the corresponding database and to systematize the seeds
of a number of varieties of oilseed crops. Based on the
identification of characteristic of morphological indicators
for each type of oilseed crops, for which the cleaning and
separation process is carried out, it is possible to develop
the latest technologies and equipment for implementing
the above-stated processes.
The physical and mechanical properties of seeds are
important indicators that should be considered in their
postharvest processing, practically all seeds are exposed
to mechanical action: destruction, mixing, transportation,
storage, etc [3, 4]. Designing and calculating of
equipment for technological operations is impossible
without knowledge of the properties that are processed [5,
6]. The value of the mass of 1000 seeds, density, friction
coefficient, angle of repose etc. should be known for the
formation of models and empirical mathematical
dependences to determine optimal and rational parameters
of working bodies that are used in technological processes
of cleaning and separating of seed materials [7, 8].
The works of many researchers are devoted to
determination of properties of oilseed crops [9, 10, 11, 12,
13]. Data, that are known in the literature, about physicalmechanical and technological properties give a general
characteristic , which is possible to use when developing
of typical models of processes for cleaning and separating
seeds. In order to intensify the processes of cleaning and
separating of oilseed crops (flax, sunflower, mustard,
saffron, rape, soybean), it is proposed to study their
physical and mechanical properties.
OBJECTIVES
Study of physical and mechanical properties of
oilseed crops, depending on their moisture content.

THE MAIN RESULTS OF THE RESEARCH
To solve these problems, a program of experimental
studies was developed that provided for the determination
of the following physical and mechanical properties of

oilseed crops, namely:
- the indicators characterizing flowability of seeds
(angle of repose φ),
- frictional properties of seeds (static friction
coefficient f),
- porosity (duty cycle) ε and the density ρ,
- size and mass characteristics of seeds (length L,
width W, thickness T, the effective diameter De, the mass
of 1000 seeds M1000).
The object of the study was seeds of selection of the
Institute of Oilseeds of the National Academy of
Sciences: (Flax Svetlozir, sunflower Nadioznyy, mustard
Tavrichanka, camelina Prestige, rape Legion, soybeans
Deni).
In the course of the experimental studies, the
moisture content of seeds W b changed. In order to give
certain moisture content to oilseed crops, it was added a
calculated amount of water, thoroughly mixed, and then
the received mix was pressurized in separate plastic bags.
Subsequently, the samples were held at 50° C in a heat
insulating cabinet for one week. Before each test, the
required number of samples was taken from the heat
insulating cabinet and allowed to warm them to room
temperature. All physical and mechanical properties were
determined at moisture content, equal to 7,0 ± 0,2%, 10,0
± 0,2%, 13,0 ± 0,2% and 16,0 ± 0,2%.
Frequency of each measurement was made by 5
times.
Dimensional characteristics of randomly selected of
100 seeds were determined by the length, width and
thickness of each seed. The measurements were carried
out using a micrometer with an accuracy of 0,01 mm. The
effective diameter, expressed as the size, was calculated
using the following equation [14, 15, 16, 17]:

D e  L  W  T 3 .
1

(1)

The mass of 1000 seeds was determined by randomly
selecting of 100 samples and weighing in electronic scales
with a sensitivity of 0,001 g.
The real density (ρт) was determined by the method
of displacement of toluene [14]. Volumetric density (ρb)
of the seeds was determined by filling of the cylinder of
known volume (100 mm × 100 mm × 100 mm) and
weighing on an electronic balance.

Morphological Parameters
Form:
rounded, ovate, oval, kidney-shaped, cordate, triangular,
rectangular, spindle-shaped, club-shaped and other.
Size:
length, width, thickness

Physical and Mechanical Properties
Center of mass

Coefficient of friction, movement and rest
Coefficient of internal friction
Mass
Coefficient of air resistance
Surface:
Specific weight
Pubescence, gloss, opacity, wax, raid
Elasticity
Coloring:
Coefficient of windage
Main color, color inclusions
Whirling speed
Color
Fig. 1. Morphological and Physical and Mechanical Properties of seeds of selection-genetic material of oilseed
crops.
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The porosity was calculated by the formula [14, 15,
16]:

  100

 t  b  .
t

(2)

The angle of repose was defined as the arctangent of
the ratio of the double height to the diameter of the
handful seeds that were placed on the round plate [11,
22]. Seeds were poured from a height of 200 mm into a
round plate with a diameter of 200 mm.
The static coefficient of friction was determined for
steel. For this measurement, one of the friction surfaces
was attached to the screw. Seeds were placed on the
friction surface, one end of which was raised with the
screw. A tangent of angle at which the seed began to slide
on the surface and it was determined as the static friction
coefficient [23].
Geometric parameters and physical and mechanical
properties determine the aerodynamics of seeds in the air
flow. When the air moves through the layers of oil seeds
(in the process of technological processing – cleaning,
heat drying, active ventilation, etc.) seed behavior is
determined by the speed of air movement. At low speeds,
the seeds keep the properties of the layer, and air passes
through the pores of the layer. Increasing the speed of air
movement leads to the fact that the seeds begin to move
relative to each other. The concentration of seeds in the
layer decreases sharply, and the volume of the layer
increases. There is a fluidization, then pseudo-boiling,
when the resistance of the air flow becomes close in value
to the weight of the bodies. The speed of the gas or air
flow, at which the particles of the loose medium are in
hover, is the whirling speed for this material. The speeds
of oilseed crops were measured on the testing machine.
The scheme of the experimental machine is shown in
Fig. 2. On bedplate 1 it is rigidly mounted the vertical

frame 2 and the air blower 3 with a variable speed of
rotation of the impeller (with the help of the LATR the
engine speed is changed). The corrugated hose 4 connects
the air blower and the vertical pipe 5, the grid 6 is
mounted on the bottom part. The air speed is measured by
the cup anemometer 7, height of rising of particles – a
scale of 8. On the grid of the vertical pipe there was a
layer of seeds 3-5 mm thick. After turning on of the
electric engine of the air blower, the rotor speed is
gradually increased. Winding speed was determined by
the height of the rising of the particles. When about 50%
of the particles of the layer are raised in the tube space,
indications of an anemometer are read out. It was studied
various fractions of the material that were beforehand
divided in size.
Analyzing the obtained data and constructed on the
basis of their experimental curves (Fig. 3) it is possible to
draw a number of conclusions and to determine affect of
moisture content of oilseed crops on the studied
indicators.
Aerodynamics of seeds in airflow was studied for
various fractions of the material that was beforehand
divided in sizes.
Figure 4 shows the trend lines that are as accurate as
possible (the determination coefficient is R2 = 0,94-0,97)
describe the experimental dependences of the speed
rotation on the geometric parameters of the seeds.



flax Svetlozir
Va = 2,4085 De + 2,9388
(R² = 0,9916),
camelina Prestige
Va = 3,0598 De + 3,0549
(R² = 0,9969),

(1)

(2)

Fig. 2. Scheme of the unit for determining the rates of seed wandering: 1 − bedplate, 2 – frame, 3 − air blower,
4 − corrugated hose, 5 − pipe, 6 − grid, 7 − cup anemometer, 8 – scale.
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Fig. 3. Dependence of affect of moisture content of seeds W b on the effective diameter De, the mass of 1000 seeds
M1000, the porosity ε, the actual density ρ t, angle of repose φ, the coefficient of friction f.

Fig. 4. Dependence of the speed of whirling on the geometric parameters of oilseeds crops.
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rape Legion
Va = 2,7271 De + 3,7796
(3)
(R² = 0,9874),
mustard Tavrichanka
Va = 1,8798 De + 3,6221
(4)
(R² = 0,9975),
soybeans Deni
Va = 1,9247 De + 1,0544
(5)
(R² = 0,9934),
sunflower Nadioznyy
Va = 3,405 De – 10,548
(6)
(R² = 0,9991),
De – effective diameter, mm, Va –whirling speed,

where:
m/s.
Analysis of the graphics shows that with increasing
of geometrical sizes of seeds, the rate of their growth
increases linearly for each oilseed crops.It is important to
note that a promising feedstock for biodiesel production is
oilseeds, especially rapeseed that has a high content of
fatty, essential oils [24]. Rapeseed is a universal crop that
occupies about 10% of the total area of oilseed in the
world. Rapeseed is practically equal to sunflower in terms
of oil content, and significantly exceeds oil content of soy
and other oilseeds. The average yield of rapeseed is 25-30
centners per hectare, and sunflower yields are 15-25
centners per hectare. The yield of oil is almost 1300 liters
per hectare, and from sunflower - up to 1000 liters per
hectare, from mustard seeds - up to 600 liters per hectare,
soybeans - up to 500 liters per hectare. Thus, rape seeds
contain 38-50% of oil, 16-29% of protein, which is
optimally balanced for feeding animals, 6-7% of fiber, 2426% of nitrogen-free, extractive substances. Rapeseed is a
valuable forage crop. When it is processed, more than 40
kg of oil and more than 50 kg of oil cake are obtained
from each 100 kg of seeds, the coefficient of digestibility
of organic substances during feeding of animals reaches
71%, and for example the digestibility of sunflower cake
is only 56%. Phosphates are taken after purification of the
rapeseed oil, which are used in the production of
phosphate concentrates.
CONCLUSIONS
1. The values of the physical and mechanical
properties of oilseeds (Flax Svetlozir, sunflower
Nadioznyy, mustard Tavrichanka, saffron Prestige, rape
Legion, soybeans Deni) are received, such as: the
indicators characterizing flowability of seeds (angle of
repose f) frictional properties of seeds (static friction
coefficient f) porosity ε and the density ρ, size and mass
characteristics of seeds (length L, width W, thickness T,
the effective diameter De, the mass of 1000 seeds M1000).
a It was analyzed the affect of moisture content of the
seeds Wb on studied parameters on the basis of the
experimental date.
2. It has been determined that the moisture content of
seeds of oil crops (Wb = 7-16%) has a significant affect
on their physical and mechanical properties. The
coefficient of friction (f = 0,32-0,79) of seeds depends on
the roughness of the friction surface and decreases with
increasing of moisture. This is due to the fact that with
increasing of moisture, the forces of molecular attraction

of the seed coat to the surface of the material decrease.
3. Increasing of the moisture content of oilseeds
crops is the subjective determining factor of its density.
With increasing moisture content (Wb = 7-16%), the
density of seeds increases (ρ = 158-1321 kg/m3).
4. The angle of repose of the oilseed crops grows as a
result of an increase in the moisture content of the
material. This is because with increasing moisture content
(Wb = 7-16%), the flowability of any agricultural material
decreases, and this eventually leads to an increase in the
angle of repose (φ = 20,6-55,0%).
5. The results of studies of the size and mass
characteristics of oilseed crops show that the sizes of the
basic weight of seeds slightly deviate from the average
size, but impact of moisture content on the studied
parameters is traced. On the basis of the conducted
studies, it can be argued that when designing and
calculating the machine for cleaning and separating the
seed materials of oilseed crops, their average values can
be taken as the initial dimensional indicators of the seeds.
Also, data from the study on determination of physical
and mechanical properties of oilseed crops will allow
obtaining basic data for modeling of their cleaning and
separating process, and the selection of optimal machine
parameters to support these processes.
6. Aerodynamics of seeds (flax Svetlozir, sunflower
Nadioznyy, mustard Tavrichanka, camelina Prestige, rape
Legion, soybeans Deni) in air flow was studied for
various fractions of the material that was beforehand
divided in sizes. As a result of the research, the
dependences of the speeds of whirling on the geometric
parameters of the seeds were obtained, from which it was
determined that with the increase in the geometric sizes of
seeds, their whirling speed increases linearly for each
oilseed crops.
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