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A b s tract The relationship between some
strength properties of horse bean seeds and the energy
required for comminution, expressed in unitary energy
consumption was investigated.
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INTRODUCTION

The aim of this research was to determine
the relationship between some strength proper-
ties of horse bean seeds and the energy re-
quired for comminution, expressed in unitary
energy consumption. The value of destructive
forces were related to values of true strain
for seeds of various moisture content ex-
posed to crushing, cutting and penetrome-
trical tests. The influence of moisture
content on unitary energy consumption
during processing was also examined.

MATERIAL AND METHODOLOGY

To learn the changeability of the exam-
ined strength properties, seeds of relative
homogeneity per variety were moistened
and then divided according to thickness into
size categories using a Vogel sifter with a
set of sieves with oblong openings, to yield
ten levels of moisture content within the

range of 10 % to 24 %. Strength properties
were measured with an INSTRON appara-
tus. In all cases seeds placed with their co-
tyledons parallel to the equipment base.
Single seeds were crushed between two par-
allel plates (one lower immovable), loaded
with steel cutting slat 1 mm wide. Penetra-
tion tests used a cylindric tester of 1 mm
diameter. In all cases the loading element
moved with a constant speed of 10 mm/min.
The measurement was taken to the moment
of seed destruction (cutting or piercing a
cotyledon). From the force-displacement
diagrams, the maximum destructive force
was read and after calculation-true strain
related to the force.

The process of comminution of seeds
was realized on the measuring position con-
sisted of a hammer mill, a plate batcher, a
WATTREG power register and the container
for ground grain. Seeds of eight different
moisture contents ranging from 10 % to 20 %
were comminuted at the full loading of the
hammer mill. Hence, knowing the capacity
and the energy consumption during the
measuring cycle, the unitary energy consump-
tion during the processing was calculated.



232

J. GROCHOWICZ et al.

THE RESULTS AND ANALYSIS

The results of the experiments were
analyzed statistically using the following
methods: analysis of variance (to evaluate the
influence of seed variety on the examined
properties) and analysis of regression.

Figure 1 shows the range of change-
ability of examined parameters at different
levels of moisture content.

form of parabola, but for the cut seeds - by
the linear equation.

Figure 3 demonstrates the dependence
of true strains corresponding with destruc-
tive forces on the moisture content of seeds.
The increase of moisture content of seeds
cause the apparent gradual increase of the
value of true strains. The maximum values are
in all cases several times greater than mini-
mum ones. The dependencies of true strains
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The analysis of variance did not show
the influence of variety features on the ap-
pointed parameters in the examined ranges
of moisture content.

Figure 2 relates force applied to seed
moisture content. In all cases the increase
of moisture content cause the significant
gradual decrease of the values of destructive
forces. In the case of crushing, cutting and
penetration the maximal forces are several
times bigger than the minimal ones. In-
fluence of moisture content on destructive
forces of the seeds crushed between two
plates and tested with penetrometer, had been
described by the regression equation in the

on the moisture content of seeds are described
with equations of parabola.

For the regression equations describing
the dependencies of destructive forces and
true strains on the moisture content of
seeds, the high values of correlation coeffi-
cients had been achieved.

Figure 4 shows the dependence of uni-
tary energy consumption of the moisture
content of seeds. In the analyzed range of
moisture content the maximum values are
about six times greater than minimum ones.
The dependence of unitary energy con-
sumption on the moisture content of seeds
had been described with regression equa-
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T able 1. The values of correlation coefficients between the strength properties and unitary energy consump-
tion in the comminution for three varieties of horse bean seeds

Value of correlation coefficients of variety

e, Fapmoer  Ljpoietioaing Debek Jasny II Nadwislafiski
1 Force disc loading -0.8681 -0.9875 -0.9697
2 True strain disc loading 0.9355 0.9908 0.9889
3  Force slat loading -0.9124 -0.9806 -0.9782
4  True strain slat loading 0.9307 0.9686 0.9886
5  Force penetrator loading -0.9182 -0.9346 -0.9011
¢  Truestrain penetrator loading 0.9453 0.9754 0.9886
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Fig. 4. The course of the dependence of unitary energy
consumption of moisture content for the seeds (E - energy
consumption, W - moisture content).

tions in the form of parabola. The increase
of the moisture content of seeds causes con-
siderable increase of unitary energy con-
sumption. With the exceeding 20 % moisture
content of seeds, the increase of the value of
unitary energy consumption was so high
that it caused the overloading of the engine
of a hammer mill. At the some time it had
been found, that seeds were ground very
poorly, and thercfore the further measure-
ments above that value of the moisture con-
tent were not taken.

In Table 1 the values of correlation
coefficients between the examined strength
properties and unitary energy consumption
had been set up. In all cases the high values
of correlation coefficients had been found.
It points to the significant difference be-
tween the analyzed values. A bit lower
values of correlation coefficients in com-
parison to other varieties have been got for
the seeds of variety D¢bek. From the ex-
periments it turned out that on the basis of
the chosen strength properties of seeds it is
possible to state about their susceptibility
for comminution and to evaluate the energy
consumption of the process.

CONCLUSION

From the test performed the following
conclusions may be drawn:
1. The increase of moisture content of

seeds causes the apparent decrease of the
values of destructive forces. The depen-
dence of the values of destructive forces on
the moisture content of seeds had been de-
scribed with regression equation in parabola
form for the seeds crushed between two plates
and exposed to penetrometric test and with re-
gression equation for the cut seeds.

2. The increase of the moisture content
of seeds causes gradual increase of the
values of true strains. The dependence of
value of true strains on moisture content
had been described in all cases with regres-
sion equations in a parabolic form.

3. As seed moisture content increases
more energy for comminution is required.
The dependence of unitary energy con-
sumption on the moisture content of seeds
in the range of moisture content (10-20 %)
has been presented in parabolic form.

4. Between the analyzed strength proper-
ties and unitary energy consumption the
strong interdependence is evident, which is
expressed by the high values of regression
cocfficients. On the basis of knowledge of
strength properties it is possible to state
about the seeds susceptibility for comminu-
tion and energy consumption of that process.
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