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ARTICLE INFO ABSTRACT
Article history: The paper presents the study, which aimed at determining how mois-
Received: April 2014 ture content of barley grain and the size of the grain crusher working
Received in the revised form: gap affect changes on the embodied energy during the flaking process
November 2014 and properties of the obtained flakes. Thus, the barley grains of Barke
Accepted: December 2014 variety were moisturized up to the level of 14, 18, 22 and 26%. Then
grains were subjected to flaking, and at the same time the embodied
Keywords: energy was measured. The next step was to evaluate the physical
barley properties of the product such as: angle of repose, chute angle, bulk
flaking process

and shaken density. Also a mesh analysis was applied. Moreover, the
absorption coefficient of water has been evaluated for each series of
products. As stated, the size of grain crusher working gap significantly
affects changes of the embodied energy during the process. The lowest
values were registered for 2.0 mm wide gap. As observed, the mois-
ture content of grains affects the physical properties of the product. It
should also be noted, that during the flaking process of grain with
moisture content of 14%, the significant amount of flour is obtained.

moisture content
grain

Introduction

Cereal grains are the basic food raw material in the production of food and feed. They
have many favourable food properties and contain small amount of water which gives
a possibility of easy transport and processing. Due to these properties they are the most
popular plant product in the international turnover. Approximately 10% of the global culti-
vation area of cereals is covered by barley (68-71 min. ha) (Borek, 2008). This plant has
been used by a man for ten thousand years. Barley grain is used mainly for production of
groats, flakes, coffee substitute, as a raw material in brewing for production of beer and
feed. The most important method of using barley in the food industry is production of malt
(Baik and Ullrich, 2008)

The basic structural component of barley grain are carbohydrates (at the average 66% of
dry mass of grain), mainly starch. Additionally, plants are rich in proteins. They may
amount from 9 to even 15% of dry mass of grain. The content of fats in the barley grain is
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at the average of 4% but in the naked forms this value may be higher (Dziki and Laskow-
ski, 2004). Moreover, grain is rich in minerals (2.7-3.2%). Spelt forms of barley include
more ash than the naked ones. Products from barley are a precious source of vitamins from
group B and a vitamin E. A chemical composition of cereal grains is varied. Moreover,
particular components are distributed irregularly in a grain, thus the manner of seed pro-
cessing has a decisive impact on the chemical composition of grain products (Jurga, 1997,
Panasiewicz et al., 2005). External layers of a grain are the richest in vitamins and fibre,
thus products made of the whole grain e.g. wholemeal flour and bread, groats and cereal
flakes have a high nutritive value (Pijanowski, 1996).

Presently, when healthy lifestyle is fashionable, "Fit" products are bought more eagerly.
These are, inter alia, cereal flakes including oat and barley flakes. The fact that digestibility
of barley starch is considerably lower than other cereals is crucial (Czarnowska-Misztal et
al., 2007). Furthermore, in the recent years, a special attention has been paid to consump-
tion of fibre (Nawrolnik, 2013). Cereal grains, in particular barley grains, is very rich in this
component (Michalak et al., 2003). High-fibre products with high content of soluble frac-
tion, such as flakes of the wholemeal grain recommended by dietitians may be obtained
only from raw material which is high in fibre, such as oat and barley (Muir et al., 2004,
Rzedzicki and Wirkijowska, 2008).

Therefore, the objective of the research was to determine how the moisture of barley
grain and a range of the working slot of a grain crusher affect the changes of energy con-
sumption of the flaking process and the quality of the obtained flakes. The scope of the
research included repeated moistening of grain, then flaking of grain and assessment of the
physical properties of products.

Research methodology

Barke variety of spring barley was used in the research. Before moistening the grain
moisture was determined (acc. to the standard PN-ISO 712:20002), which was 14%. Then,
the raw material was moistened to the moisture content of 18, 22 and 26%. The assumed
moisture of grain was obtained by adding to the sample an appropriate amount of distilled
water. The amount of water necessary for moistening was calculated from the formula:

Wy — W,
M =To0 -, M M
where:
My — amount of water required for moistening, (g)
My — mass of the moistened cereal, (g)
wy  — initial moisture, (g)
wy,  — required moisture, (%)

After moistening of grain, samples of the mass of 500 g were closed in hermetic vessels
and placed in a cooling chamber in temperature of 4+°C for 24 hours. In order to obtain
regular moisture in the whole material, samples were shaken several times during the pro-
cess of their seasoning. Two hours before flaking, samples were taken out of the cooling
chamber in order to obtain the temperature of the surrounding.
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Barley grain was flaked with the use of a grain crusher H-750 by MAGROTEX
(Poand) company. The device was connected to a computer, the task of which was to regis-
ter energy required to flake the sample. The flaking process was carried out at the working
gap size of a grain crusher which was s;=0.5 mm; s,=1.0 mm and s;=2 mm. Samples with
500 g mass were flaked.

Measurement of physical properties of so prepared flakes was carried out according to
the applicable Polish Standards, i.e. angle of repose — PN-74/Z-04002/07, chute angle —
PN-74/Z-04002/08, bulk density — PN-ISO 7871-2:1998, shaken density — PN-80/C-04532.
Measurement of physical properties was carried out in seven repeats and an arithmetic
average was accepted as a result.

Moreover, a screen analysis of flakes was carried out. A laboratory vibrating screen AS
200 by Retsh company (Germany) was used. 100 g of flakes was screened using the vibra-
tions amplitude of 2 mm, the measurement time was 4 minutes and the interval was 20 s.
A wire screen with the following dimensions of meshes was used. 0.01; 0.02; 0.05; 0.1; 0.2
and 0.315 mm. Based on the obtained results, an average dimension of particles was calcu-
lated using the following relation (2):

l] +12 .m] —+ 12 +l3 .m2 +...+M.mn
g=_ 2 2 2 @)
100
where:
s — average dimension of particles, (mm)
/ — dimension of screen meshes, (mm)
m — mass of a fraction on the screen, (%)

The last stage of research consisted in determination of the flakes ability to absorb wa-
ter. The measurement consisted in a cyclic immersing (10 immersions per a minute) of
containers filled in with 5 g of flakes in a container with water of 8°C temperature and then
placing them on rotational arms of a device. For all samples the measurement time was
5 minutes. Then, containers along with a material were placed in a dryer. After the process,
the samples were weighed and the loss of mass of the tested flakes was calculated. Compar-
ing the mass of a sample before immersing in water and afterwards, the amount of water
absorbed by flakes was calculated.

The obtained results were statistically anlysed with the use of Statistica 6.0 programme.
In order to determine the mathematical relations between the tested parameters and the size
of the grain crusher gap and the moisture of the raw material, the analysis of variance and
Tukey's test were carried out at the level of significance of 0=0.05.

Research results and their analysis

Figures 1-7 present changes of energy consumption of the flaking process and proper-
ties of the obtained flakes in relation to the size of the working gap of a grain crusher and
the determined moisture of a grain. Various letters presented in plots prove occurrence of
statistically significant differences between average sizes.
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Figure 1 presents the impact of the grain moisture and the size of the working gap on
the flaking energy. It should be stated clearly that the increase of the working gap from
0.5 to 1.0 and 2.0 mm resulted with the decrease of energy inputs necessary for the flaking
of grain, independently from the moisture of grain. Moreover, moisture influenced the
energy consumption of the process. It was found out that the raw material moisture signifi-
cantly affects the flaking energy. The highest values of energy were reported at the grain
moisture of 18%, whereas the least energy was necessary for flaking of raw material with
26% moisture at the use of a working gap of a grian crusher which is 2 mm.

gbc
bc aa -
0,005 - 3
:: i @Wgap 0,5 mm
~ 0,004 'y [
§ X ' [ Egap1lmm
\io’OOB :: f Hgap 2 mm
£ 0,002 ¥ 3
[} 1 ;
= : [ h
= 0,001 ¥ f
0 18 Moisture (%)

Figure 1. Influence of moisture content of grain and size of the working gap on the flaking
energy

Figure 2 presents the impact of the grain moisture and the size of the grain crusher
working gap on the angle of repose of flakes. It was assessed that the highest values of the
angle of repose of flakes were reported for grain with 26% moisture independently from the
used grain crusher working gap.

42
~ DOgap 0,5 mm
5 40
% Bgap | mm
‘E 38 Bgap 2 mm
(]
2 36
<

34 .

Moisture (%)

Figure 2. Influence of moisture content of grain and size of the working gap on the angle of
repose of barley flakes
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Figure 3 presents the impact of the grain moisture and the size of the working gap on
the chute angle of flakes. It was reported that at the use of particular working gaps, the
value of the chute angle of flakes increased along with the increase of grain moisture. The
analysis of the results of Tukey's test of significance of differences presented in figure 3 at
the level of significance of a=0.05 allowed determination of the significant impact on the
increase of the value of the chute angle of flakes, when grains were moistened from 22% to
26%.

e de db |

35 7| .

0 17 i
BEXE =
N [ 1]
o 20 d == Ogap 0,5 mm
2 3 Em Hoap | mm
< 15 11 gap
‘q":‘)» 1% == Ogap 2 mm
= 10 1
ERY H

. 2

14 18 22 26 Moisture (%)

Figure 3. Influence of moisture content of grain and size of the working gap on the chute
angle of barley flakes

Figure 4 presents the impact of the moisture content of grains and the size of the work-
ing gap on the shaken density of flakes. It was reported that the increase of the barley grains
moisture and the increase of the working gaps of the grain crusher directly affect the shaken
density of flakes. The lowest values of the shaken density of flakes were reported for
a grain with moisture of 14% whereas the highest for moisture of 26%.

Figure 5 presents the impact of the grain moisture content and the size of the grain
crusher working gap on the chute angle of flakes. The highest values of the bulk density
were reported in the case of flakes obtained from a grain of 22% moisture. Moreover, the
increase of the bulk density of flakes along with the increase of the working gap between
shafts was visible. After the analysis of the results of Tukey's test of significance of differ-
ences, presented in figure 5, at the level of significance 0=0.05, it was found out that the
moistening grain with the use of a working gap of a grain crusher with 1 and 2 mm width
significantly influences the bulk density of flakes.
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Figure 4. Influence of moisture content of grain and size of the working gap on the shaken

density of barley flakes
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Figure 5. Influence of moisture content of grain and size of the working gap on the bulk

density of barley flakes
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Table 1 presents the impact of moisture of grains on the participation of fraction of
flakes obtained on particular screens. For moisture of grains which was 18%, 22% and
26%, the highest mass of fraction was obtained on a screen with 0.315 mm diameter of
meshes. In the case of grain with moisture of 18, 22 and 26% an insignificant (up to 2%)
amount of floury fraction was reported, flakes were uniform. Whereas, flakes obtained from
seeds with moisture of 14% characterized with a considerable difference of dimensions and
the highest content of floury fraction.

Table 1

Percentage of the fraction of the flakes obtained on individual screens
Moisture ~ Grain crusher gap Dimensions of meshes, (mm)
(%) (mm) 0.315 0.2 0.1 005 002 0.0l bottom
14 31.070 41932 21960 3.395 1.254  0.306 0.083
18 88.520  9.561 1.555 0.158 0.133  0.070 0.003
22 05 93.430 6.489  0.033  0.005 0.043 0 0
26 92.400  7.537 0.025 0.013 0.025 0 0
14 40.990 43.030 14.61 0.930 0315 0.125 0
18 10 89.230 10.317 0395  0.035 0.023 0 0
22 88.670 11.302 0.015 0.013 0 0 0
26 89.590 10.405  0.005 0 0 0 0
14 57.820 38.303 3.759  0.050  0.068 0 0
18 20 84.117 15475 0.380  0.028 0 0 0
22 86.085 13.900 0.015 0 0 0 0
26 98.852 0 1.148 0 0 0 0

Figure 6 presents the impact of the grain moisture and the size of the grain crusher
working gap on the average dimension of flakes particles. The analysis of the results of
Tukey's test of significance of differences presented in figure 6 at the level of significance
of a=0.05 allowed determination of the significant impact of the grain moistening of grains
from 14% to 18% on the increase of flakes particles dimensions. However, no further in-
crease of the grain moisture on the average dimension of flakes particles was reported. The
smallest dimension of particles was obtained from grain with 14% moisture at the 0.5 mm
gap, whereas the highest for the grain with 26% moisture at the working gap of 2.0 mm and
it was at the level of 0.255 mm.

Figure 7 presents the impact of the grain moisture and the size of a working gap on the
flakes ability to absorb water. It was assessed that flakes with 14% moisture absorbed more
water than flakes with a higher moisture content. Furthermore, the working gap has an
impact on the amount of the absorbed water. The highest values were reported for flakes
obtained in the 2.0 mm working gap whereas the lowest for flakes obtained in the 0.5 mm
working gap.

11



A. Blicharz-Kania, D. Andrejko, B. Slaska-Grzywna, A. Starek, P. Szejgiec, P. Krzaczek

é 0,3 ¢ ac ab ab

5 0,25 =

L !

= K

S 02 ' Cgap 0,5 mm
G !

=} !

.5 0,15 :: Hgap 1 mm
z :E Mgap 2 mm
2 0,1 "

k= N

o !

5 T .

E 0 Moisture (%)

14 18

Figure 6. Influence of moisture content of grain and size of the working gap on the medium
average size of flakes
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Figure 7. Influence of moisture content of grain and size of the working gap on the ability
of flakes to absorb water

The tests, which were carried out, proved that moistening of the barley grain within
14% to 26% caused decrease of energy necessary to flake the raw material. Thus, the tests
carried out by other authors, were confirmed. They proved that along with the increase of
caryopsis moisture their resistance to mechanical loads decreases (Nadulski et al., 2010).
Based on the statistical analysis, it was stated that significant changes of the average size of
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flakes particles obtained from moistened grain from 14 to 18% took place. However, no
impact of barley grain and the working gap on the level of value of the angle of repose and
chute angle of flakes was reported. Changes of the shaken density and bulk density of the
product depended on the size of the grian crusher working gap; to a lesser extent these
values depended on the initial moisture of a grain.

Conclusions

Based on the obtained results of research, the following conclusions were made:

1. The increase of the working gap from 0.5 to 2.0 mm and moistening of grain to the
level of 26% significantly causes decrease of energy inputs required for flaking of bar-
ley grains.

2. No significant impact of the barley grain moisture and the size of the grain crusher
working gap on the angle of repose and chute angle of flakes were reported. The
highest values of the mentioned sizes were reported at the highest researched moisture
of grain — 26%.

3. Grain moisture and the value of the grain crusher working gap had a significant impact
on the granulometric composition of flakes. At the gap of 0.5 mm and the grain mois-
ture of 14% the biggest amount of floury fraction is formed.

4. The amount of water absorbed by flakes depends on the grain moisture and the size of
the grain crusher working gap. The biggest amount of water is absorbed by flakes pro-
duced from grain with moisture of 14%.
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WPLYW WILGOTNOSCI ZIARNA JECZMIENIA
NA PROCES PEATKOWANIA

Streszczenie. W pracy zaprezentowano badania, ktére miaty na celu okreslenie, w jaki sposob wil-
gotno$¢ ziarna jeczmienia oraz wielko$¢ szczeliny roboczej gniotownika wplywaja na zmiany ener-
gochlonnos$ci procesu platkowania oraz wiasciwosci uzyskanych ptatkow. W tym celu dowilzono
zlarno jeczmienia odmiany Barke do poziomu 14, 18, 22 i 26%. Nast¢pnie ziarno poddano procesowi
ptatkowania, w trakcie ktérego przeprowadzono pomiar energochtonnosci. Kolejnym etapem byto
okreslenie wlasciwosci fizycznych produktu, takich jak: kat zsypu, kat usypu, gestos¢ usypowa oraz
gestos¢ utrzesiona. Przeprowadzono rowniez analizg sitowa ptatkow. Dodatkowo okreslono zdolnosé
ptatkéw do pochtaniania wody. Stwierdzono, ze wielko$¢ szczeliny roboczej istotnie wptywata na
zmiany energochtonnosci procesu. Najnizsze warto$ci odnotowano dla szczeliny o szerokosci
2,0 mm. Zaobserwowano, ze wzrost wilgotnoséci ziarna wptywa na wilasciwosci fizyczne produktu.
Nalezy takze stwierdzi¢, ze przy 14% wilgotnoS$ci ziarna w procesie ptatkowania powstaje najwigksza
ilos¢ frakcji maczystej (ok. 5%) w porownaniu do platkéw z ziaren o wyzszej wilgotnosci.

Stowa kluczowe: jeczmien, proces ptatkowania, wilgotno$é, ziarno
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Article history: This work presents theoretical and empirical analysis of the usefulness
Received: September 2014 of the selected geometrical models, for the purpose of determination
Received in the revised form: of the sugar beet root shape, based on the available root parameters:
December 2014 diameter, length and the bulb root height. Analysis covered four
Accepted: January 2015 models in the form of: a spherical sector, composed of a conic and
a half of a sphere, composed of a conic and a spherical cap, composed
Keywords: of a conic and a half of an ellipsoid. Within the scope of the assump-
sugar beet tion of this paper it was proved, that the shape of a tap-root can ap-
;if;;:m proximate the simplified model comprising a conic and a half of an

geometric model ellipsoid.

Introduction

Sugar beet roots are a valuable raw material used for production of sugar and lately for
generation of renewable energy and the object of numerous experimental researches. In
numerous experiments, dimensions of a root, indispensable for environmental assessment
of a morphological structure are measured very rarely (Byszewski, 1979; Guerif et al.,
1986; Gutmanski, 1991; Ostrowska et al., 2002; Ostrowska and Artyszak, 2005; Przybyt,
1998). The literature informs that the soil properties and yield of sugar beet roots is varied
on account of soil and climatic conditions and the cultivation systems with a variable num-
ber of treatments and crossings of tractor wheels and agricultural machines (Hanse et al.,
2011; Koch et al., 2008; Krauze et al., 2009; Sztukowski and Btaszkiewicz, 2002; To-
manowa et al., 2006). The above factors may lead to differentiation of the sugar beet root
system and important technological morphological properties of roots (Blaszkiewicz et al.,
2003; Dieckmann et al., 2006, Hoffmann and Jungk, 1996; Gajewnik 2013; Koch et al.,
2008; Krauze et al., 2009; Lipiec et al., 2012; Ostrowska et al., 2002; Ostrowska and
Artyszak, 2005; Schlinker et al., 2007; Scott et al., 1973). It is confirmed by numerous
observations which indicated various shapes and sizes of sugar beet in agricultural practice.
The advanced computer techniques applied more frequently in order to support the produc-
tion management require formalized models of agricultural objects including models of the
shape of sugar beet roots. Such models, supported by the shape of root parameters may be
crucial in agricultural engineering and may serve for approximated and theoretical estima-
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tions of the size of root mass losses which take place during machine harvesting as a result
of improper topping or breaking roots or for determination of the cubic capacity of storing
and transportation means (Gutmanski, 1991; Karwowski, 1982; Przybyt, 1998).

Scientific centres keep results of researches carried out during harvesting of sugar beets
in the form of basic dimensions of the tap - root: the biggest diameter, the total length of
a root and the bulb root height. Thus, a question arises whether one may on this basis carry
out determination of the simplified model of the sugar beet roots shape with the use of
simple solids and geometrical formulas. Only general definitions of the tap-root shape,
which may be found in the subject literature, given in the aspect of technological require-
ments, e.g. pointed-conical (Byszewski, 1979) or wedge-shaped (Ostrowska and Artyszak,
2005), have more orientative meaning than the scientific and practical ones. Thus, even
approximated and general theoretical description of the shape of the sugar beet tap-root
seems to be necessary. As a result of the above discussions, the objective of the paper was
formulated.

The objective of the paper

The objective of the paper is to determine models of the sugar beet tap-roots shape
based on a diameter and the total length of a root and the bulb root height as well as their
assessment made based on a comparison of the determined parameters of the model and
real solids.

Material and methodology of research

Determination of the sugar beet shape models is based on the idea of simple geometrical
solids including available parameters of the morphological structure of roots, such as:
length of the bottom part A of a root, height of its bulb root / and the highest diameter D,,
(fig.1) obtained from field measurements. It was assumed to consider a root as consisting of
two parts: lower conical and upper called a bulb root. Parameters describing these parts of
the morphological structure of the tap-root were defined as follows. A cross section of
a root in the widest place was assumed in the form of a circle, a diameter of which D,,
is made of the average value from at least five measurements. A root part below its highest
diameter was called a lower part — conical, length of which H is made of a fragment from
the place where conical parts of a root meet to its highest diameter — the place where a root
meets a measuring device. A bulb root, the height of which is made of a fragment from its
highest part to the diagonal cross section in the place of the highest diameter, constitutes the
upper part of a root.

The shape of the sugar beet tap root was described with one or two basic spatial geomet-
rical solids. It was assumed that based on two available parameters D,, and H and for its
pointed-conical shape (Byszewski, 1979) or the wedge shape (Ostrowska and Artyszak,
2005) required on account of technological aspects, a conic should reflect the lower part of
the sugar beet root. As a root head model, a spherical cap, a half of a sphere and a half of
ellipsoid were considered. As a result of the above, four variants of the geometrical model
of the tap root of a sugar beet (fig. 1-3) were suggested in the following form:

I — a spherical sector,

I — a cone and a half of a sphere,
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IIT — a cone and a spherical cap,
IV — and a cone as a half of an ellipsoid.
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Figure 1. Parameters of sugar beet root model as a spherical sector

Mathematical formulas for determination of the root model volume, for the assumed
geometrical solids were presented in table 1. Model I of the root shape in the form of
a spherical sector and the describing parameters (where R = L) were presented in figure 1.
Model II of the sugar beet root shape made of the half of a sphere, which adheres to the
base of the reverse conic and the describing parameters were presented in figure 2. In this
model, the sugar beet bulb root shape was described with a half of a sphere for the case,
when the head height is similar to the half of a diameter of its base (& = Y2 D,,).

D,,
<
-

Figure 2. Parameters of sugar beet root model, composed of conic and half of sphere
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If two above cases do not take place, the sugar beet shape may be described with
a reversed conic and a spherical cap, which adheres to it (model III) or with a reversed
conic and a half of ellipsoid which adheres to its base (model IV) (fig. 3).

Half of ellipsoid |

™ : v
*_),- ! = 1
2, ! O

1
k
i
[

i
i
i
i
i
7

Figure 3. Parameters of sugar beet root model, composed of conic and spherical cap or
composed of conic and half of ellipsoid

Evaluation of the usefulness of the suggested models for description of the sugar beet
tap root shape was made in the theoretical and empirical analysis of relative errors of ap-
proximation determined based on the dimensions of roots obtained from calculations and
field research and determined volumes of the model solids of roots.

Table 1

Geometrical formulas for the volume of analyzed geometric solids that form the model of

the tap-root of sugar beet

Destination Geometric Formula for Formula for Formula for
of the tap- model of the volume of the volume of the volume of
root model the tap-root the conic part of the bulb root the tap-root
the tap-root
_Z
I Spherical sector _ _ Ve = 3 mhL
Conic and half 2n _ n (D% 3
1 of sphere 9_?}1 VC_E(TI—H_Zh )
Ve
3 n[D2
Conic i 2 2 =-|75
. = — — 2
1 and spherical cap Yo 6 h (4 Din +h ) 6 3
I 2 n2 2
VS=ED72nH +h<4Dm+h)“
Conic and half m v, =2pz (H + h)
—_n2 =— >
v of ellipsoid Vg =g Dmh 62
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As a measure of accuracy, a relative error e, (w %) of compliance of the root head radius
DT"‘ and its height /, calculated from formulal:

e, = (22— h)2D;" - 100 1)

and a relative error ep (w %) of compliance of the bulb root diameter obtained from calcu-
lations D,, ,;; and diameter obtained from empirical tests D,,, calculated from formula 2:
ep = (—Dmpbzl‘_ Dm) 2D, - 100 (2)

A diameter of the bulb root D,, ., required for calculation 2, was calculated from for-
mula 3 for the spherical sector:

Dm,obl. = 2\/ (ZL - h)h (3)

Parameters 4, L and D,, indispensable for validation researches were determined in the
research of a 3-year field experiment carried out in light soils — LS loamy sand (acc. to the
FAO classification), with a method of random blocks, in four repeats of blocks (I-IV), for
traditional technology of sugar beet — Sonia variety cultivation. Sugar beets were cultivated
in rows with 0.45 m spacing and distance in the row of 0.18 m. The analysed parameters of
roots were measured during harvesting after the removal of leaves with a special measuring
device. Results presented in table 2 constitute average values from measurements of 10
roots which were selected at random, made in each block.

Table 2
Results of calculation and empirical investigation of tap-root parameters of sugar beet

Repetition ~ Root dimensions (cm) (m)

Year of .
of empirical

Relative error Dmopi Relative error ep,

investigation research block D, h H I e, (%) [cfn ] (%)
I 10.70 3.33 17.08 20.41 37.8 11.1 70.2
1 I 10.40 291 17.29 20.20 44.0 104 72.2
1T 10.16 2.91 16.58 19.49 43.2 10.2 71.6
v 10.50 3.45 17.75 21.20 34.3 11.6 70.2
1 11.06 3.91 19.91 23.82 29.3 13.1 70
2 I 10.60 3.62 19.49 23.11 31.7 124 70.9
1T 11.40 3.88 19.49 23.37 31.9 12.9 69.9
v 10.8 3.24 17.95 21.19 40.0 11.3 71.2
I 8.16 4.07 2491 28.98 1.0 14.8 72.5
3 I 8.26 4.07 21.79 25.86 1.4 13.9 70.1
1T 8.86 4.13 21.54 25.67 1.5 14.0 70.2
v 10.04 3.96 23.84 27.80 21.1 14.3 72.3

Table 2 includes determined values of relative errors e, and ep. Whereas, a volume of
geometric solids for the analysed models of a root, calculated from formulas presented in
table 1, were presented in table 3.
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Results of research and their analysis

A lower part of a root was described based on only two parameters D,, and H with the
use of a conic, which is compliant to the requirement set forth in literature, that the shape of
this part of a root should be conic (an oval shape is assigned to a fodder beet) (Byszewski,
1979; Ostrowska and Artyszak, 2005).

Table 3
Volumes of sugar beet tap-root (in cm’), calculated from the analyzed geometric formulas
Year of investi- Research ~ Volume of conic Model
gation block shape O[f/ tap-root I I I v
g v, V.V, V.V, V.V,
1 511.8 2903.8 832.3/320.5 741.5/229.7 711.3/199.5
| 1T 489.3 2485.6 783.6/294.3 625.7/136.4 654.0/164.7
11 447.8 2313.9 722.2/274.4 578.6/130.8 605.0/157.2
v 512.1 3245.8 815.0/302.9 674.3/162.2 711.2/199.0
1 637.3 4644.1 991.3/354.0 844.3/207.0 887.6/250.3
) 1T 573.0 4047.1 884.6/311.6 757.4/184.4 802.9/229.9
111 662.8 44359 1050.5/387.7 891.3/228.5 926.7/263.9
I\ 547.8 3045.4 877.4/329.6 730.1/182.3 745.6/197.7
1 423.4 7155.3 560.4/137.0 562.5/139.1 561.8/138.4
3 1T 389.0 5697.6  536.5/147.5 532.0/143.0 534.3/145.3
11 442 .4 5696.9 624.4/182.0 606.5/164.1 612.1/169.7
v 628.8 6406.5 893.6/264.8 847.6/218.8 837.7/208.9

V. — volume of tap root
V, — volume of bulb root

Selected models for imaging the bulb root in the form of a spherical cap, half of
a sphere and a half of an ellipsoid. Assessment of precision of models was made for subse-
quent years of research, which characterize with a considerable variability of the root di-
mensions. In order to extend the assessment of the usefulness of models, the analysis in-
cluded diversity of dimensions of roots which occurs in repeats of the field research in
blocks. Results of the three-year research included in table 2 show that the ratio of the bulb
root height £ to its radius of the base is varied, which justifies why various geometric solids
for description of the bulb shape were accepted for analysis. In the 3rd year of research
(table 2: block I, IT and III) the radius and height of the root head are very similar (a deter-
mined relative error is lower than 1.5%), whereas in the 1st and 2 nd year of research dif-
ferences in these parameters are even more than 30%. Moreover, the data presented in table
2 show that in each year of three-year research, the beet head height was lower or at least
equal to its base radius, which justifies acceptance of the suggested halves of geometric
solids for imaging the root head shape.

In the assessment of model I, it was assumed that the compliance of the empirically de-
termined sugar beet diameter D,, and diameter D,, ., (table 2) calculated based on parame-
ters L and % of a root (where L=R; R=H+h) from the formula 3 may decide on the useful-
ness of the suggested geometric solid in the form of a spherical sector for imaging of the
tap-root. A relative error calculated from formula 2 was the basis of analysis. The data
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presented in this table (col. 3, 8 and 9) prove that the spherical sector very weakly describes
the sugar beet root. Differences in the calculated and empirically determined diameter of
a beetroot are highly non-compliant, burdened with a relative error which is more than
70%. Moreover, the calculated volume of a root (table 3) decisively diverges from the one
calculated for other models. These analyses show clearly that the spherical sector is not
useful in imaging the tap-root shape.

In the assessment of model II of the root, verification was carried out which aimed at
determination whether a half of a sphere may describe the bulb root, i.e. whether the sugar
beet bulb height is similar to the radius of its base # =~ %4 D,,. The analysis of the calculated
relative error (table 2, column 7) shows that only in the recent year of research, a quite high
compliance of two empirically determined parameters occurs 4 and % D,, (table 2, col.
3 and 4), thus a description of the bulb root with a sphere may be accepted.

In the case of considerable differences of the head height and its radius (table 2: year 1
and 2 of the research, col. 3 and 4) for description of the bulb root, the usefulness of the
spherical cap or a half of ellipsoid was considered (table 1: model III and IV). The data
included in table 3 (col. 6 and 7) show that differences in the volume of the bulb root calcu-
lated with formulas for a spherical cap and a half of an ellipsoid are higher if the bulb root
height and a diameter are different, i.e. when the bulb root is more flattened, which can be
observed particularly in the 1st and 2nd year of research (table 2, col. 3 and 4). It should be
assumed that higher reported values of the calculated half of an ellipsoid are more justified
because they result from better approximation of the ellipsoid surface to the bulb root in the
place of its highest diameter. Since, the beetroot surface is more rounded in this place than
the angular, imaged spherical cap (fig. 3). Description of the root head with a half of an
ellipsoid may be improved even by 20% with reference to a spherical cap (tab. 2), which
results from the differences of the calculated values of volume for both figures. It may be
assumed, within assumptions of this paper, that the suggested simplified model of a root
made of a conic and a half of an ellipsoid (model IV) from among the analysed ones, pro-
vides the best image of the sugar beet root shape. Model IV replaces also model II when the
values D,, and & get close and the shape of a half of an ellipsoid changes into a half of
a sphere.

Obtaining models of the sugar beet roots with higher precision makes additional scien-
tific work necessary based on more detailed experimental measurement of the shape and
volume. However, for realization of many practical, teaching and general engineering ob-
jectives, lower precision of assessment obtained with considerably lower costs of research
and analysis may be sufficient.

Conclusion

The paper analysed the sugar beet roots models in the form of one geometrical solid —
a spherical sector or comprising two geometrical solids, where a bottom part of the root is
imaged by a reversed conic and the head is alternative presented in the form of: a spherical
cap, a half of a sphere or a half of ellipsoid. It was assumed that the pointed-conical or
wedged shape of the bottom part of the sugar beet root, required on account of technologi-
cal reasons, should describe a conic. Accepting halves of the suggested geometrical solids
for imaging the rood head shape justify results of the root dimensions from a three-year
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research, which show that the beet head height is lower or at least equal to its radius of the
base. The comparative analysis of parameters of the geometrical figures and their values,
which were empirically determined, showed within the assumptions of the paper that the
spherical sector does not sufficiently describe the shape of the tap-root of sugar beet. The
root shape may be described with the use of a model comprising a conic and a half of an
ellipsoid which adheres to its base.

For issues which require higher precision of the sugar beet models, further research and
analyses carried out based on detailed experimental measurements of the shape parameters
and root volume are recommended.
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UPROSZCZONE WYZNACZANIE KSZTALTU KORZENIA PALOWEGO
BURAKA CUKROWEGO

Streszczenie. W pracy przedstawiono rezultaty teoretyczno-empirycznej analizy przydatno$ci wybra-
nych modeli geometrycznych do opisu ksztattu korzenia palowego buraka cukrowego, wyznaczanych
w oparciu o dostgpne wymiary korzenia: §rednice i jego dtugos¢ oraz wysokos¢ gtowki. Analizowano
cztery modele w postaci: wycinka kuli, ztozonego ze stozka i polowy kuli, stozka i czaszy kulistej
oraz ze stozka i potowy elipsoidy. Wykazano, w zakresie zatozen pracy, ze stozkowy korzen palowy
moze by¢ opisany za pomoca uproszczonego modelu ztozonego ze stozka i opartej na jego podstawie
potowy elipsoidy.

Stowa kluczowe: burak cukrowy, korzen palowy, ksztalt, model geometryczny
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used in production of environmentally friendly foamed materials
based on starch. The objective of the paper was to determine the
specific mechanical energy consumption of the extrusion-cooking
process of foamed materials made of wheat starch at a varied level of
moisture of raw materials mixtures and varied participation of foam-
ing components. Functional additives which support the foaming
process were applied: PDE foaming agent and polyvinyl alcohol.
Specific mechanical energy consumption (SME) was determined
according to the moisture content of raw materials and additives used.
Energy consumption of the extrusion-cooking process of foamed
materials with addition of the foaming agent PDE was increasing

along with the increase of moisture and decreased at higher participa-
tion of the additive. In case of mixtures with an addition of polyvinyl
alcohol the values of SME were getting higher along with the increase
of the additive content and moisture of raw materials mixture. The
research proved possibility of obtaining starch foamed packaging
materials, which may function as a filler in transport packages, at the
high efficiency of the process and low energy consumption.

Introduction

Plastics based on petrochemical raw materials, used in the production of packagings are
not biodegradable (Borowy and Kubiak, 2008; Zakowska, 2003; 2005). The process of
decomposition of plastic may be initialized only as a result of its modification or introduc-
tion of additives. Presently, work on the possibility of production of packaging materials,
which are environmentally friendly, focuses on searching for alternative raw materials,
namely such which both on account of economy and utility will be able to considerably
replace synthetic packaging plastics. Available produce, which constitute renewable natural
materials, may be used for production of biopolymers (Moscicki, 2008; Roper and Koch,
1990). From among natural raw materials, starch is more frequently used in the research as
a renewable organic material. Availability, prices and possibility of complete degradation
weigh in its favour. The end of the 20th century is a period of fast increase of the research
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on new biodegradable plastics and new manufacturing technologies. The extrusion-cooking
technique is one of them. It has been linked to the food production so far (Moscicki et al.,
2007; Oniszczuk et al., 2012).

Extrusion-cooking of plant raw materials is a process of material processing under high
pressure and at high temperature (Moscicki and Mitrus, 2004; Moscicki et al., 2006;
Moscicki et al., 2007, Oniszczuk et al., 2006). Significant physical and chemical changes,
and thus quality changes take place during thermal and mechanical treatment. Suitably
selected parameters of the extrusion-cooking process allow shaping physical, chemical and
functional properties of the processed materials.

Foamed materials constitute a group of packagings, which are used mainly in transport
of products; susceptible to mechanical damages (Bhatnagar and Milford, 1996; Pushpadass
et al., 2008). Most frequently produced from plastics constitute an ecological problem in
utilization. However, research on the possibility of using starch in production of this type of
materials has been carried out. Foamed starch may be obtained with the extrusion-cooking
method when a foaming agent is introduced to the gelatinized starch, e.g. water (Sivertsen,
2007; Zhang and Xiuzhi, 2007). Foaming agents allow obtaining air bubbles in a structure.
However, nowadays it is difficult to produce foamed materials based on starch with proper-
ties similar to synthetic materials (Janssen and Moscicki, 2009; Rejak and Moscicki, 2006).

Materials and methods

The use of various raw materials’ mixtures and a varied level of moistening were used
to evaluate how efficiency and specific mechanical energy consumption of the extrusion-
cooking process of foamed starch packaging materials are changing. During the preliminary
research, the impact of mixtures’ moisture content on the extrusion-cooking process and the
quality of the produced extrudates was reported (fig. 1). Based on the initial measurements,
values of 17, 18 and 19% of moisture content were set.
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Figure 1. Foamed starch materials produced in the Department of Food Process Engineering
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In order to improve the foaming effect, additives in the form of foaming agents: Plas-
tronfoam PDE agent and polyvinyl alcohol (AP) in the amount from 1% to 3%, were used.
In the extrusion-cooking process a single-screw extruder-cooker TS-45 o L/D=12 was used
(fig. 2). The following range of temperatures in particular sections of an extruder-cooker
was applied: 80°C the first section, 140°C second section, 120°C a head and the rotational
speed of the extruder-cooker screw 2.16 s, which was determined with the use of a ta-
chometer DT-2234 B. The forming die diameter was 3 mm. During the extrusion-cooking
the engine load and process efficiency were recorded. The recorded data allowed calcula-
tion of specific mechanical energy consumption of the extrusion-cooking process.

Figure 2. Single-screw extruder-cooker TS-45 with L/D=12

Efficiency was calculated according to the formula:

m i
Q=—(kg-h") (1)
where:
O —process efficiency, (kg-h™)
m  — mass of extrudate obtained in the measurement, (kg)
t  —time of measurement, (h)

Energy consumption was determined with the use of specific mechanical energy con-
sumption (SME) acc. to the formula provided by Ryu and Ng (2001):

SME:l-i-B(kWh-kg'l) ©)
n, 100 Q
where:
SME - specific mechanical energy consumption, (kWhkg™)
n — screw rotations, (s™)
n,  —screw rating rotations, (s")
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O - the engine load in comparison to the maximum, (%)
P —rated power, (kW)

O - process efficiency, (kg-h™)

The process efficiency was measured in 5 replications assuming an average value as
a final result. The results which were obtained during tests were analyzed with the use of
a-Statistica 6.0 software. The analysis of the response surface methodology with the use of

the distance weighted least squares, was applied. Moreover, polynomial regression and
determination coefficients were determined.

Results and discussion

The extrusion-cooking process of wheat starch with additive of the foaming agent PDE
was characterized with the process efficiency, that is, the amount of the obtained extrudate
in the amount of 27.6 kgh™ to 34.8 kgh™ in relation to the applied parameters. Changes in
efficiency depended on the raw materials’ moisture and the content of the functional addi-
tive.

The results proved that the increase of the raw materials’ moisture with an addition of
the foaming agent PDE caused the decrease of the extrusion-cooking process efficiency
(fig. 3). This effect was reported in the entire range of the additive use. In case of pro-
cessing of the raw materials mixtures without PDE agent, a reverse relation was reported,
the increase of moisture resulted in the increase of efficiency. Similar relation was present-
ed by Mitrus and Combrzynski (2013) during extrusion-cooking of maize starch.

(RBR) BrevarR

Figure 3. Process efficiency of wheat extrudates with varied addition of the PDE foaming
agent
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The lowest efficiency of 27.6 kgh was recorded for the raw materials’ mixture with
19% of moisture and including 3% of PDE. The highest efficiency was observed during
processing of a mixture with 17% of moisture content and 2% of the PDE agent. Increase of
the amount of the foaming substance from 2% to 3% caused a considerable decrease of
efficiency and disturbance of the wheat starch extrusion-cooking process, which may be
proved by negative values of directional coefficients of regression equations (table 1).

The extrusion-cooking of wheat starch with addition of the PDE foaming agent charac-
terized with a very low specific mechanical energy consumption (SME) within 0.073-0.088
kWhkg'. The SME values depended equally on-the raw materials’ moisture content and
the amount of the foaming agent (fig. 4). Along with the increase of the foaming additive
participation in the mixture, decrease of the SME value was reported, which may be also
observed in the results presented by Mitrus’ (2005), where the increase of glycerine addi-
tive decreased the SME value of potato starch extrusion-cooking. High values of determi-
nation coefficients (0.939-0.985) prove the impact of the PDE additive on the specific me-
chanical energy consumption (table 1). The opposite relation was observed — the increase
of raw materials’ moisture increased the SME. The lowest value, which was 0.073
kWh-kg™, was observed during processing of a mixture with 17% of moisture and at 3% of
the foaming agent addition. The highest energy consumption (0.088 kWh-kg™) was calcu-
lated during extrusion-cooking of the mixture with 19% of moisture and 1% of the PDE
content.

In case of extrusion-cooking of starch which does not include a functional additive, the
SME value increased along with the increase of moisture. Values of the specific mechanical
energy consumption were within 0.087-0.099 kWh-kg™.
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Figure 4. Specific mechanical energy consumption of wheat extrudates with varied addition
of the PDE foaming agent
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During the extrusion-cooking process of the wheat starch with an addition of
the foaming agent in the form of polyvinyl alcohol also similar process efficiency within
28.4-32.2 kg-h™' was reported. The values depended mainly on the raw materials’ moisture.

The research showed that along with the increase of raw materials’ moisture the effi-
ciency of the extrusion-cooking process increased (fig. 5). This effect was reported in the
entire range of the applied additive, as well as in the case of extrusion-cooking of starch
without a foaming agent. The lowest efficiency of 28.4 kg-h™' was recorded for the mixture
with 17% of moisture and including 3% of the PDE agent. The highest efficiency,
(32.4 kg'h™) was reported for the mixture with 19% of moisture and 2% of the functional
additive content. During the analysis of the amount of polyvinyl alcohol, a tendency to
decrease the process efficiency at the increasing participation of the additive in a recipe was
observed. However, values of determination coefficients were not high (table 1).
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Figure 5. Process efficiency of wheat extrudates with a varied addition of polyvinyl alcohol

The extrusion-cooking process of wheat starch with addition of the foaming agent in
the form of polyvinyl alcohol characterized with a higher energy consumption (SME) than
in case of the PDE additive. Values within 0.090-0.109 kWhkg"' were reported. SME val-
ues depended on both, the raw material mixture moisture as well as the foaming agent con-
tent (fig.4). Along with the increase of polyvinyl alcohol participation in the mixture, the
increase of the SME value was reported. A similar relation was noted for the increasing
moisture level of raw materials’ mixtures. Su (2007) observed a reversed relation, i.c. the
SME value decreased during rice flour extrusion-cooking with addition of powdered eggs
(the process was carried out with a twin-screw extruder).

The lowest value, which was 0.090 kWh'kg'l, was observed for mixture with moisture
of 17% and at 1% of the foaming agent addition. The highest specific mechanical energy
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consumption (0.109 kWh-kg™) was noted in case of processing of the mixture with 18% of
moisture and 3% of the polyvinyl alcohol content. The increase of the SME and decrease of
efficiency during extrusion-cooking of the foamed starch with addition of polyvinyl alcohol
could be related to chemical characteristics of the additive, which is defined by the decom-
position temperature exceeding 200°C, whereas for PDE the decomposition temperature
was determined as 140°C (a product data sheet). Too low temperature than the one required
for processing of polyvinyl alcohol could influence the change of mass properties in the
cylinder of an extruder-cooker and cause impeded flow of material, which was reflected in
lower values of the process efficiency and the increase of the specific mechanical energy
consumption at the use of 2-3% of the PA additive. This phenomenon was not observed at
the use of the PDE additive.

In case of extrusion-cooking of mixtures which do not include a functional additive, the
SME values increased along with the increase of moisture. Values of specific mechanical
energy consumption of the process were within 0.087-0.099 kWh-kg™'. In the tests carried
out by Ruis-Ruiz et al. (2008) a reverse relation was reported where along with the increase
of the raw material moisture, the SME value decreased (mixture of corn flour and white
beans was subjected to the extrusion-cooking process). For all tested foamed materials
produced with addition of polyvinyl alcohol, high values of determination coefficients
were obtained (0.793-0.916). They proved a significant impact of the amount of the addi-
tive used on the specific mechanical energy consumption during the extrusion-cooking
(table 1).
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Figure 6. Specific mechanical energy consumption of wheat extrudates with a varied addi-
tion of polyvinyl alcohol

31



M. Combrzynski, A. Wojtowicz, M. Klimek, L. Moscicki, T. Oniszczuk, S. Jusko

Table 1

Second degree equations of regression describinge the changes in the efficiency and specif-
ic mechanical energy consumption of the extrusion-cooking process in relation to moisture
and the amount of the additive used

Additive M(Zf;f)“re R:iifiﬁ“ R?
17 y=-2.04x" + 11.064x + 19.68 0.991
PDE 18 =-1.02x” + 5.028x + 26.1 0.923
Efficiency 19 y=-0.84x + 3.096x + 28.8 0.955
17 y=-0.51x"+2.274x + 2727 0.564
Polyvinyl alcohol 18 y=-0.3x" + 1.428x +29.22 0.623
19 y=-0.66x" + 3.132x + 28.74 0.998
17 y=0.0007x" - 0.0084x + 0.0954 0.985
PDE 18 y=0.0008x” - 0.0092x + 0.0998 0.939
SME 19 y=0.0022x" - 0.0163x + 0.1127 0.983
17 y =-0.0003x" + 0.0082x + 0.0784 0.893
Polyvinyl alcohol 18 y=0.0009x" + 0.0023x + 0.0865 0.916
19 y=0.003x*- 0.0125x + 0.1076 0.793

Conclusions

1. As a result of increasing moisture of raw materials’ mixtures, efficiency and specific
mechanical energy consumption of the extrusion-cooking process of foamed materials
with no foaming agents increased.

2. The increase of moisture content of raw materials with addition of the PDE foaming
agent influenced the decrease of the process efficiency and caused the increase of spe-
cific mechanical energy consumption. Along with the increased amount of additive, ef-
ficiency and SME decreased.

3. Higher amount of polyvinyl alcohol, influenced higher SME whereas process efficien-
cy dropped. Increase of moisture of raw materials’ mixtures with addition of PA influ-
enced the increase of specific mechanical energy consumption.

4. The research showed the possibility of obtaining environmentally friendly foamed
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packaging materials with high efficiency and low SME of the process. These extru-
dates, which include the foaming agent PDE and polyvinyl alcohol, may function as
fillers in transport packagings.
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ENERGOCH,LONNOS('J EKSTRUZJI PSZENNYCH SPIENIONYCH
MATERIALOW OPAKOWANIOWYCH

Streszczenie. Technika ekstruzji, znana z przetworstwa spozywczego, moze by¢ stosowana
w produkcji przyjaznych dla srodowiska materiatow spienionych opartych na skrobi. Celem pracy
bylo okreslenie energochtonnosci procesu ekstruzji materialdw spienionych, wytworzonych ze skrobi
pszennej przy roznej wilgotnosci mieszanek surowcowych i r6znym udziale komponentéw spieniajg-
cych. Stosowano dodatki funkcjonalne wspomagajace proces spieniania: srodek spieniajacy PDE oraz
alkohol poliwinylowy. Energochtonno$¢ wyznaczano, wykorzystujac wskaznik jednostkowego zapo-
trzebowania energii mechanicznej (SME). Energochtonno$¢ procesu ekstruzji materialdow spienio-
nych z dodatkiem $rodka spieniajacego PDE zwigkszala si¢ wraz ze wzrostem wilgotno$ci i obnizala
przy wigkszym udziale dodatku. W przypadku mieszanek z dodatkiem alkoholu poliwinylowego
wartosci SME byly wyzsze wraz ze wzrostem zawartosci dodatku i wilgotnosci mieszanki surowco-
wej. Badania wykazaly mozliwo$¢ uzyskania skrobiowych spienionych materiatow opakowaniowych,
ktore moga pelni¢ role wypelniacza w opakowaniach transportowych, przy wysokiej wydajnosci
procesu oraz niewielkiej energochtonnosci.

Stowa kluczowe: materiat spieniony, skrobia pszenna, ekstruzja, energochtonnos¢, wydajnos¢
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Introduction

European Union, which prefers forms of sustainable development of food production,
puts pressure on a traditional form of farming in rural areas, funding research and subsidiz-
ing production of organic food. Organic food is produced in organic farms with natural
methods without the use of chemical crop protection substances and fertilizers. Protection
of plantation consists in the use of crop rotation and physical and mechanical methods of
crop protection. As a result of such approach to agricultural production, we protect envi-
ronment and ensure maintenance of correct soil structure and fertility.

Green fertilizers, compost, manure and liming are used in fertilization. The remaining
requirements have been included in the Regulation of the Council of Ministers of the Euro-
pean Community no. 834/2007. Crop protection chemicals are virtually banned, except for
some natural preparations.

Seeds for organic production must come from organic seed plantations. Thus seed culti-
vation in chemically unprotected farms is necessary.

Vegetable seeds from commodity plantations must meet requirements for the seed mate-
rial. This postulate is executed with a method of seed treatment with crop protection chemi-
cals. A current technology of seed extraction comes down to several preventive sprayings
of a seed plantation with seed plants crop protection substances, mechanical harvesting of
seeds, cleaning of contaminations through sifting and winnowing.
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Obtaining seeds from an organic plantation without the use of chemicals is impossible
with this method. Two issues need to be solved; the first one concerns preparation of seeds
for sowing in order to obtain healthy plants; the second problem relates to decontamination
and purifying of the seed crop. The basis for ensuring a high quality of vegetables, which
come from organic crops, are healthy seeds with high germination ability.

A need to develop procedures and new technologies for both harvesting as well as prep-
aration of seeds for sowing in organic farms emerged. The state controls the production and
economic turnover of organic products. (Act on Organic Agriculture Journal of Laws 116,
item 975 as of 26th June 2009, as amended, Journal of Laws, item 55 as of 25th December
2014).

For particular varieties of vegetables, methods of seeds preparation for sowing and af-
ter-harvest procedure of seeds processing in order to obtain a high quality of the sowing
material should be developed (Domoradzki et al., 2004). Such proceedings as a result come
down to developing new operations carried out on seeds and construction of appropriate
devices for this purpose (Domoradzki, 2005). These processes are investigated in many
countries (Khan, 1992; Parera et al., 1995) and funded in the EU countries.

The objective of the paper

The objective of the paper was to develop procedures for preparing seeds for sowing for
an organic plantation and developing an after-harvest organic seeds processing: in case of
radish — a one-year plant and in case of onion — a two-year old plant.

For development of procedures and new production methods, the following post-harvest
processes of radish and onion seeds processing, which were described by (Domoradzki and
Dzieniecki, 2008; Domoradzki, 2011) were selected:

Classic initial cleaning on screens with windowing of contaminations.

— Hydrostatic separation for onion seeds, which allows removal of a part of a perianth and
stems, which contaminate seeds.

— The process of cleaning seeds with water aims at the removal of mineral, microbiologi-
cal and flotaing contaminations.

— Fast drying after wet operations in order to prevent initialization of germination pro-
cesses in seeds.

— Seeds calibration on screens in order to select a fraction of the best germinating seeds.
From the pre-sowing seeds processing, a decision was taken to:

— Treat seeds with organic dressings which can be used in organic agriculture.

— Seeds inoculation with fungal spores Polyversum and Trichoderme viryde

— Seeds coating with peat and mineral materials in order to protect seeds against the attack
of pathogens which live in soil, ensuring proper conditions during germination.

The presented proposal of technology aims at obtaining sowing material from organic
plantations with quality compliant to seed standards and is subject to experimental verifica-
tion.
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Materials and methods

Radish seeds of Lucynka variety and common onion of Supra variety were used for re-
search. Seeds for sowing on a plantation in an organic farm were prepared by sowing basic
seeds from cultivation stations obtained through PNOS [Polish Seed Production, Horticul-
ture and Nursery], in Ozaréw Mazowiecki. Seeds for sowing were treated with 1% chitosan
relatively to the seeds mass and inoculated with fungal spores in the amount of 10 items per
one seed (1:10° CFU-g") and coated. Detailed methods of seed inoculation and coating
were discussed in the paper (Domoradzki, 2011). Plants on the field were protected with
Biseptol sprayings.

Experiments were carried out on production fields of organic farms in Kietpin, Kujaws-
ko-Pomorskie Voivodeship. Experimental cultivations were set on soils belonging to Illa
and IIIb soil classification. Soil reaction was respectfully pH=7.0 and pH=6.6. Low precipi-
tations within 450 mm-550 mm/year, periodical water deficiencies are characteristic for this
land. Therefore, sprinkling of experimental fields was maintained. Experimental fields with
the area of 200 m* were limed and fertilized with a compost

Preparation of seeds for sowing

Initial coating

A layer of peat in the amount of 70 g per 100 g of seeds within 4 hours was placed on
seeds in a granulation plate with the use of a 5% dextrin solution (Domoradzki, 2008a).
Seeds after coating were dried in a chamber drier with a reversed flow of air (from the top
to the bottom) with a maximum temperature of 35°C. (Domoradzki, 2006)

Seeds coating with fungal spores

Seeds after drying were moistened with water solution of 5% dextrin or 2% polyvinyl
alcohol and the peat layer was placed in a granulation plate . The layer was composed of 20
g of peat with fungal spores Polyversum and Trichoderme viride in the amount of 10 items
per one seed. Concentration of spores approximately 1:10° cfu-g™. A layer of the dolomite
and clay mixture was placed. Seeds after treatment within 4 hours were dried with air in the
temperature of 25°C.

Pot experiments

Numerous experiments, which were to determine the impact of seeds preparation on
their germination and growth as well as seedlings health, were carried out. The tests were
performed in the climatic chamber of the Department of Phytopathology of the University
of Technology and Life Sciences in Bydgoszcz. Experiments were carried out in 5 repeats
and one repeat consisted in a pot with 20 seeds. Material for pots consisted in soil from the
field in Kielpin.
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Lucynka radish
Table 1
Number and height of radish seedlings in a pot experiment
1st term of observation 2nd term of observation
. Average Germination Germination
Facility . Average
height ~ Number (%) height Number (%)
of see- for mm of see- for
(mm) dlings control (mm) dlings control
Control 7.4 84 100.0 a 8.6 94 100.0 a
Polyversum + coat 5.2 46 54.8b 7.1 61 6490
T. viride + coat 6.4 52 61.9b 8.1 67 71.3b
Chitozan + coat 8.3 48 57.1b 9.7 61 649b
T. viride + chitosan + coat 7.2 50 59.2b 9.0 64 68.1b

* the same letters in a column stand for values which do not differ significantly (a=0.05)

Despite generally small differences between particular manners of seeds preparation,
a positive impact of 1% chitosan additive on the seeds mass, on an average height of seed-
lings should be emphasised (table 2). The impact of Trichoderma viride on the seedling
germination was investigated.

Table 2
Impact of treatment of radish seedlings with preparation which contains gonidia
Trichoderma viride and the composition of coat on germinations in the pot experiment

Number of days after starting the experiment

Facility** Capsule 5 6 ] 10 13
Percentage of germinations

Control - 72.0a 77.0a 80.0a 80.0a 800a
Trichoderma viride - 40.0b 57.0ab 65.0ab 62.0a 70.0a
Dust, DX, Trichoderma viride + 30c 30.0c 50,0b 60.0a 650a
Dust, DX, Torf, Trichoderma viride + 45,0b 62.0ab 72,0ab 77.0a 77.0a
Dust, APV, Trichoderma viride + 120c  40.0bc 520b 62.0a 62.0a
Dust, APV, Torf, Trichoderma viride + 50.0ab 67.0a 82.0a 82.0a 850a

* the same letters in a column stand for values which do not differ significantly (a=0.05)
** Dust (peat, dolomite and clay) DX (yellop dextrin), APV (polivynyl alcohol) (+) coated seeds, (-) non-coated
seeds

Based on the analysis of results it may be stated that the best results were obtained for
the last combination in a table, where in the composition of coat peat and polyvinyl alcohol
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were used. It is confirmed by the tests on the healthiness of radish seedlings presented in
table 3.

Table 3
Impact of treatment of radish seedlings with preparation which contains conidia Tricho-
derma viride and the composition of coat on germinations in the pot experiment

IR [fungi

Number (%) . . CFU**
® L infestation
o = of germinations of . on a seed
Facility* 2 . ratio .
g, of seedlings for affected X (in a cap-
3 100 seeds seedlings of seedlings] sule)
W (%)
Control - 80 6.2 2.7 -
Trichoderma viride - 70 7.1 34 12.4
Dust, DX, Trichoderma viride — + 65 0.0 0.0 24.7
Dust, DX, Muskeg,
Trichoderma viride * 7 38 1.6 79
Dust, APV, Trichoderma + 62 40 20 34.0

viride
* Dust (muskeg, dolomite and clay) DX (yellop dextrin), APV (polivynyl alcohol) (+) coated seeds, (-) non-coated
seeds
** CFU — colony forming units

The tests on the impact of the washout treatment on the number of germinations of rad-
ish seedlings and their healthiness did not prove any significant differences.

Onion

Table 4 presents the research results on the impact of the washing treatment and onion
seeds treatment with a preparation which includes conidia Trichoderma viride.

Table 4
The impact of washing and treating onion seeds with preparation which includes conidia
Trichoderma viride on the number of seedlings germinations in the pot experiment

Number of seedlings CFU on a seed

Facility germinations, (%) (in a coat)
Control 93a -
Washed 85 ab -
Washed +coat 77b -
Washed, treated Trichoderma viride (without a coat) 72 bc 142.9
Washed, treated Trichoderma viride + coat 62 c 34.0
Washed, treated Trichoderma v + coat+suspension** 58¢ 161.9

* values in a column marked with the same letters do not differ significantly (at a=0.05)
** 1% solution of preparation with spores in water
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Expected positive impact of the developed combination of onion seeds, including wash-
ing treatment on the number of seedlings germinations did not give a higher result than the
control sample (table 4).

Field research

Lucynka radish

Experiments on the possibility of obtaining radish seeds in an organic system were
carried out in a certified organic farm Kielpin in a three-year period; they consisted in
5 repeats for 5 combinations. Observations of the growth of plants in a germination stage
proved that they were uneven.

Table 5

Germinations of radish seedlings in an organic farm

Facility % of germinations in relation to control
Control 100.0 a

Chitosan+coat 82.5b

Chitosan+7. viride+coat 77.2b

T. viride+coat 79.5b
Polyversum+coat 76.0 b

* the same letters in a column stand for values which do not differ significantly (a=0.05)

Between germination of the coated seeds there were no significant differences during
germination. Phytopathologic analysis proved that seedlings from all combinations charac-
terized with good health. Only single plants had symptoms of blights. Plants were develop-
ing well. They had favourable weather conditions. Due to a relatively dry and warm vegeta-
tion season, diseases did not occur often. The main problem in radish cultivation for seeds
constituted pests, which fed before and during flowering.

Based on two-year experiments, it should be stated that radish cultivation for seeds in
the organic system, with no zoocide protection is low effective. Collecting insects to traps
and using net tunnels is a solution.

Supra onion

Plants in a vegetation period were healthy, regardless the applied biopreparations. In the
end of vegetation, pseudo mildew occurred (Peronospora destructor). Its intensity was not
significant and the applied treatments did not influenced the plants health (table 7).

Plants germinations were at the same level, regardless the applied combinations and
were from 58.8 to 63.2%.
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Table 6
Germinations and average mass of onion seedlings in the field experiment
Number of seedlings germinations Average mass of
Facility (coat) At the average (%) in comparison to a seedling
per 100 seeds control (8)

Control 60.0 100.0 0.37
Control + coat 63.0 105.0 0.29
T. viride+coat 58.8 98.0 0.31
Polyversum+coat 59.2 98.7 0.32
Chitosan+coat 63.2 105.3 0.31
LSD a5 ns 0.041

* the same letters in a column stand for values which do not differ significantly (a=0.05)

Table 7
Occurrence of pseudo mildew (Peronospora destructor) and the onion crop in relation
to the applied treatments

Facility (coat) Pseudo mildew IR Crop
Y (%) (dt-ha™)
Control 9.5 111.1b
Chitosan+coat 5.5 106.7b°
Chitosan+T. viride+coat 6.2 108.9b
T. viride+coat 7.3 97.8b
Polyversum-+coat 8.2 102.2b
LSD 0=05 ns 14.47

* the same letters in a column stand for values which do not differ significantly (a=0.05)

In a plantation, researches were carried out on the possibility of limitation of pseudo
mildew by spraying onion with Biosept. The obtained results show that spraying with
Biosept caused significant reduction of mildew on leaves (table 8). The applied treatments
favourably influenced the crop and planting quality of the collected onions.

Table 8

Impact of Biosept application on onion mildew occurrance
Facility Number of treatments > of trl)lleaﬁf:“ected (ir£R° %)
Control - 92.4a 503 a
Biosept 4 453 ¢ 15.1¢
LSD @, 6.57

* the same letters in a column stand for values which do not differ significantly (a=0.05)
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In the following year, material produced in an organic farm, approx. 500 onions were
planted. Splendid planting material and a good stand affected the growth and development
of plants. No plant with symptoms of primary infection of pseudo mildew was reported.

Harvesting of seeds

For realization of treatment of organic seeds after harvest, apparatus which allows per-
formance of the planned treatment processes was constructed. (Domoradzki, 2005) Seeds
after harvesting were cleaned, hydraulically separated, washed, dried, calibrated. Cleaned
seeds after harvesting, treatment and the quality research acquire the status of organic
seeds.

On experimental fields in an organic farm in Kielpin, coated radish of Lucynka variety
was sowed and the collected Supra onions obtained from the coated organic seeds were also
planted. After maturation of seeds, plants were pulled out and arranged in bundles under the
roof and inflorescences were dried. Threshed seeds were dried in a winnower of Petkus
type with air flow.

Then, seeds were washed in water, contaminations and floating seeds were separated
and then dried in a drier with warm air flow. After drying 5.1 kilo of raw seeds of radish
and 4.2 kilo of raw seeds of onion were obtained. Cleaning of seeds took place during cali-
bration on screens from 2.0 mm to 3.2 mm every 0.2 mm.

Table 9
Harvesting and cleaning procedure of seeds from an organic plantation
Facility Plantation Plantation = Washing Drying Drying .. Yield
Item Species harvest cleaning and floatation batch  losses Cahbratlonof seeds
Variety k) G G g Gk *®
4 Lucynka radish 8.00 2.90 5.10 5.00 0.50 4.50 56
5 Supra onion 5.10 0.90 4.20 4.20 0.10 4.10 80
Table 10
Calibration and germination of Lucynka radish seeds
No. of a screen Fraction Diameter av.d Mass Content Total GA acc. to ISTA
(mm) (mm) (kg) (%) (%) (%)
1 2.0-2.2 2.10 0.148 3.28 3.28 waste
2 2.2-24 2.30 0.495 11.00 14.28 84
3 2.4-2.6 2.50 1.163 25.83 40.11 88
4 2.6-2.8 2.70 1.257 27.92 68.03 89
5 2.8-3.0 2.90 1.002 22.27 90.30 85
6 3.0-3.2 3.10 0.436 9.70 100.00 85
total 4.500 100.00

GA — germination ability
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Table 11

Calibration and germination of Supra onion seeds

No. ofascreen  Fraction Diameter av.d  Mass Content Total GA acc. to ISTA
Item (mm) (mm) (kg) (%) (%) (%)
1 0.0-2.0 1.90 0.170 4.14 4.14 waste
2 2.0-2.2 2.10  0.429 10.46 14.60 87
3 2.2-2.4 230 2.206 53.81 68.41 90
4 2.4-2.6 2,50  1.230 30.00 98.41 86
5 2.6-2.8 2.70  0.047 1.15 99.55 62
6 2.8-3.0 290 0.018 0.45 100.00 50

4.100 100.00

GA — germination ability

Summary of the results of organic seeds processing

Procedure of seeds processing after harvesting consits in fast drying of seeds in order to
maintain biological life and guarantees micro-biological cleanness of seeds. Seeds,which
were initially dried on a field in sheaves and then under the roof are subject to further clean-
ing with a floating method and washing seeds in water as well as fast drying in a drier.
Seeds after drying are calibrated. Only seeds prepared this way may be tightly packed and
stored for further processing. The following treatments proved to be indispensable for pro-
cessing of organic seeds of radish and onion: drying, floating and washing, drying wet
seeds and calibration.

For trading organic seeds a required germination ability of seeds on the minimum level
of 80% was assumed. Tables 9,10,11 present the list of the amount of seeds obtained from
an organic plantation.

Before sowing, seeds should be treated with organic dressing or inoculated with good
microroganisms, admitted for use in organic farming, (Commision regulations (EC) no.
889/2008 as of Sth September 2008 and enclosures), the list of which is extended each year.

Drying of inoculated seeds should take place in the reduced temperature on account of
endurance of seeds and survivability of good microorganisms. After coating, seeds acquire
protection against pathogens attack. The procedure of obtaining radish and onion seeds,
developed in the University of Technology and Life Sciences in Bydgoszcz allows obtain-
ing organic sowing material of good quality.

Conclusions

1. The paper shows that obtaining high quality sowing material from seed organic planta-
tion, which are not chemically protected, is possible.

2. The procedure of processing organic seeds of radish and onion after harvesting was
developed. It includes the processes of: cleaning, washing and hydraulic separation,
drying and calibration.

3. Presowing processing of seeds affects the healthiness of crops. It consists in inocula-
tion with fungi, coating and treatment with organic dressings.
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4. Coating of organic seeds protects seeds against the attack of pathogens included in soil,
which creates a coat that protects seeds to the moment of germination.

5. Health of plants on an organic plantation is ensured by useful fungi inoculation
Trichoderma viride and Polyversum, eliminating colonization of pathogenic fungi.

6. After harvesting from weakly organically protected or not chemically protected organic
plantations after initial cleaning, the processing of radish and onion seeds is necessary.
It consists in washing and hydrostatic separation of seeds and fast drying.

7. Seeds after harvesting were subjected to calibration on screens every 0.2 mm, remov-
ing weakly germinating fractions.

8. Sowing material, which meets present quality requirements, which allow admitting
sowing material for trade, was obtained.
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NOWOCZESNA METODA POZYSKIWANIA NASION
EKOLOGICZNYCH CEBULI I RZODKIEWKI

Streszczenie. Opracowano technologi¢ przygotowania nasion do siewu na plantacje ekologiczne
i wybrano metody obrobki po zbiorze nasion rzodkiewki i cebuli zwyczajnej. Celem pracy byto opra-
cowanie procedury pozyskania materiatu siewnego tych nasion o wysokiej jakosci, zgodnej z norma-
mi nasiennymi. Opracowane procesy obejmuja: separacj¢ hydrauliczna, mycie, suszenie oraz kalibra-
cje. Przed siewem nalezy wykona¢ otoczkowanie nasion ekologicznych. Podczas otoczkowania
nasion inokulowano powierzchni¢ nasion zarodnikami grzyba Polyversum i Trichoderme viride
w ilodci 10 szt. zarodnikéw na nasiono lub zaprawiano chitosanem w ilosci 1% do masy nasion.
Suszenie nasion inokulowanych powinno odbywa¢ si¢ w temperaturze obnizonej do 35°C, co wynika-
to z badan nad przezywalno$cia mikroorganizméw. Uzyskano ekologiczny material nasienny zgodny
z obowiazujacymi wymaganiami jako§ciowymi, ktory skierowano do handlu.

Stowa kluczowe: nasiona ekologiczne, obrobka nasion, rzodkiewka, cebula zwyczajna
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formed in these conditions. An analysis of the rebound air velocity
fields indicated that both an oval nozzle design and air velocity at the
nozzle outlet determine the rebound air velocity. It was found that the
limited use of oval nozzles at the impingement fluidization freezing
process is possible and that 40 m's” was the most appropriate velocity
for air jets leaving the nozzles.

Introduction

The efficiency of the impingement freezing method is associated with high heat transfer
coefficients in the product surrounding and, therefore, jet impingement is a high perfor-
mance technique for heating, cooling and drying processes in many industrial applications
(Ovadia and Walker, 1998; Lee&Lee, 2000). It consists in directing high velocity im-
pingement air jets leaving vertically arranged nozzles to flow around the product.

The impingement method is used in combination with classical fluidization freezing in
thermal treatment, and there are two technical possibilities of conducting the impingement
method in fluidization. In the first technical possibility, the thermally treated air jets are
directed into the product bed through nozzles from below, i.e. upward to induce fluidized
bed boiling. This is a specific modification of classical fluidization and the technical prob-
lems that occur in both cases are similar (Ovadia and Walker, 1998).

In the second technical possibility, product fluidization is done by directing the air jets
leaving the nozzles from above, i.e. downward into the product placed on a solid base. As
a consequence of air jet impingement on and through the product bed and its rebound of air
against the base, the particles are carried upward, the bed expands and specific fluidized
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boiling of the bed starts. Unlike devices using the impingement system, a combination of
the fluidization process and impingement effect, called impingement fluidization, is still
under experimental studies (Goral and Kluza, 2004).

In order to induce such a fluidization process, a fountain must be created due to interac-
tions between the air jets. Air pressure in the fountain core should be high enough to over-
weigh the forces of gravitation and to product adhesion to the bottom (fig. 1).

nozzle exit

Area of rebound\

air jet

Figure 1. Interaction between air jets

At the minimum fluidization velocity the buoyancy imposes a product upward from the
fountain base towards its top. Interactions between bed particles entrain a single particle to
the fountain top edge to be later pushed to the lower pressure zone or to get under the air jet
leaving the nozzle. Then the particles fall down rapidly onto the working chamber bottom
and recirculation starts (Kluza and Stadnik, 2009; Géral and Kluza, 2012).

The feasibility of applying impingement fluidization to fruit and vegetable cooling or
freezing in industrial conditions depends on how the physical properties essential for the
formation of stable fluidized beds are designed. This is connected with the necessity of
achieving a uniform distribution of fountains in the whole working chamber of the installa-
tion as well as suitable pressure of the air rebound from the chamber bottom. The studies
conducted so far have focused primarily on characteristics of the impingement system,
especially on the effect of nozzle spacing as well as the distance between the nozzle exit
and the chamber bottom on the heat transfer coefficient between the product and air
(Downs and James, 1987; Jambunathan, Lai, Moss and Button, 1992; Huber and Viskanta,
1994a; Huber and Viskanta, 1994b). Besides, the influence of nozzle spacing and configu-
ration on heat transfer was evaluated and a numerical analysis of the nozzle arrangement
with two turbulence models was made (Zuckerman and Lior, 2006). The only paper dis-
cussing the impact of the nozzle design and spacing on the potential formation of a fluid-
ized bed using the impingement fluidization technique is the research work of Stadnik
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(2010). This work indicates that nozzle spacing (S) to its diameter (D) ratio should be found
in arange from 1.8 to 4; values above 4 contributed to the creation of a dead zone (no fluid-
ization observed). The optimal nozzle length ranges are within the limits of 6<S/D<20. The
author confirmed a direct relationship between the type of the applied head and uniformity
of the temperature fields obtained with it.

Due to the lack of studies on the application of working heads with nozzles of different
non-round, cross-sectional shapes for impingement fluidization freezing, we analysed heads
with nozzles of an oval cross-section. The aim of the investigations was to find the charac-
teristics of the influence of the nozzle configuration in the head on the rebound air velocity
field and to assess the mean values of rebound air jet velocities in relation to the velocity of
the air jet at the nozzle exit.

Material and methods

The studies were carried out at the Department of Refrigeration and Food Industry En-
ergetics, University of Life Sciences in Lublin, on a test stand used for impingement fluidi-
zation freezing within a temperature range from -30°C to 0°C. The process conditions were
provided by the installation of 3.9 kW cooling capacity fitted with a centrifugal fan (Ny-
borg-Mawent type WP-20/1.5) of 0.6 m*s™ air capacity at 2.6 kPa pressure with an inverter
LG SV0751G52 for smooth regulation of fan capacity.

Working heads of dimensions 410x360x18 mm (fig. 2) were fitted with nozzles made
from round copper tubes 20 mm in inner diameter and 270 mm in length.

410

7 WA )

270
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Figure 2. Scheme of head with nozzles

The tubes, at a distance of 230 mm from the nozzle outlet, were formed on a hydraulic
press to obtain an oval cross-section of dimensions 10x25 mm. The nozzles were arranged
in a parallel, staggered and mixed staggered configuration with a constant nozzle number
and distance between the nozzle centres (fig. 3).

49



D. Goéral, F. Kluza, K. Koztowicz, M. Domin

Head I Head II

410
410

O O O O O

00000

OO OO

OO OO
O O O

OO OO

OO OO
360

OO0 0 oo |8
0 00000

Head III Head IV

410 410
o 0 o 0 o O O O O O
0O 0 <o 0 OO0 0O OO0
o 0o 0 ol QQQQQ§
0O o 0 o 0 OO0 00O

Figure 3. Scheme of head with oval nozzles in the configuration: parallel (head 1), stag-
gered (head II), mixed staggered (head Ill) and classical nozzles (head IV).

A container for the product bed 135 mm in height was used during the studies. The dis-
tance between the nozzles and the container bottom was constant — 125 mm.

The aerodynamic values obtained from the tests with the working heads with oval noz-
zles were compared to the results depicting the head with classical nozzles (nozzle number
— 20, inner diameter — 20 mm, nozzle spacing — 50 mm).

Measurement of the rebound air jet velocity was performed by a micromanometer MP
120 (KIMO Instruments) with a Pitot tube type L 3 mm in diameter (fig. 4).

The direction of the Pitot tube tip was perpendicular to the container bottom and parallel
to the working head nozzles. The distance between the Pitot tube end and the container
bottom was equal to 110 mm each time.

The Pitot tube, as a standard measuring device, was positioned in the working space of
each nozzle at measuring points according to the scheme presented in figure 4.

For the purpose of confirming the usability of oval cross-sectional nozzles for a real
freezing process, fluidization freezing of French fries and green beans was conducted.
French fries were prepared from disease-free potatoes of the same firmness and equal size.
The initial treatment involved removal of the outer layer, rinsing under cold tap water and
drying on filter paper to take out any excess water. This raw material was cut into cube-
shaped fries of a 10x10 mm cross section and little varying length.
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Figure 4. Scheme of measurements of rebound air velocity

Raw material prepared in this way was poured into a container so that it formed an even
layer. Then when the fan rotation speed (RPM) was changed over the set range, the velocity
of air jet at the nozzle outlet was also changed. Our observations aimed to determine the
velocity of air jets leaving the nozzle at which product boiling was obtained and to establish

the maximum velocity of air jets at the nozzle exit at which the pneumatic conveying of
material did not operate yet.

Results and discussion

A comparative analysis of the rebound air velocity values obtained with four head types
at 30, 35, 40, 45, 50 m-s™ velocity of the air jets at the nozzle exit showed a relationship
between velocity value, nozzle shape and configuration of nozzle arrangement in the head

(fig. 5).
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Figure 5. Comparison of mean values of velocity rebound air jets

At 30 m's™ velocity of air jets leaving the nozzle outlet the heads with oval cross-
sectional nozzles (I, II, IIT) did not bring any significant differentiation in the rebound air jet
velocity value, whereas the head with round nozzles (IV) was characterized by a lower
mean value of velocity. In the case of 35 m's™ velocity of air jets at the nozzle exit, marked
differences in the mean value of the rebound air velocity were determined in heads II and
IV. Application of other head types did not give rise to any significant differences in the
mean value of the rebound air jet velocity. A velocity of rebound air jets at the nozzle outlet
increased up to 40 m's” caused a notable scattering of velocity values, the most intensive
was observed for head IV (from 3.4 up to 4.9 m's™). When the velocity at the nozzle exit
reached 45 m-s™, the highest rebound air jet velocity (5.1 m's™) was recorded for head IIL
The use of head I and IV provided mean values that were considerably lower as compared
to the application of head II and III. Finally, at 50 m-s™ velocity of air jets at the nozzle exit
lower mean values of rebound air velocity were noted than at 45 m's™ velocity of air jets
leaving the nozzle. This was most likely the result of some disturbances of the air jet flow
due to too high operation pressure in the container under the nozzles of the tested heads.

Views of rebound air jet velocity fields at 30 m's™ velocity of air jets at the nozzle exit
are presented in figures 6.

When analyzing the measurement results for heads with oval nozzles at 30 m's™ veloci-
ty at the air outlet it was found that in all four cases the highest rebound air velocity was
recorded at the head edge. Heads with oval cross-sectional nozzles showed a non-uniform
distribution of rebound air velocity. A comparison of the present results with those obtained
for the head with round nozzles indicated a completely different character of these fields.
The fields of rebound air velocity were distributed uniformly, whereas the velocities of air
1rebound1 at the application of all four heads were close and ranged between 2 m-'s” and
5.6 ms.

It was also established that changing the nozzle arrangement from parallel to staggered
or mixed staggered in the working head did not affect the rebound air jet velocity fields.
These velocity fields achieved at 35 m's™ velocity of air jets leaving the nozzles showed
higher levels of distribution uniformity for all of the tested heads. However, as was in the
case of 30 ms™ air jet velocity at nozzle outlet, higher values of rebound air velocities were
measured for the edge-mounted nozzles. As was expected, increasing the velocity of air
leaving the nozzles caused a growth of the mean velocity of rebound air. The highest air
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velocities were obtained for a working head with a staggered configuration and in a head
with round nozzles, i.e. 7.3 m's” and 7 m's™, respectively.

Head I Head II

L (mm)

L [mm]

o » 80 0 120 150 180 210 240 l
]
L [mm)

Figure 6. Fields of rebound air velocity at 30 m-s™

An analysis of air velocity fields at 40 m's™” showed that, similarly to 30 m-s™, the ob-
tained fields were characterized by great non-uniformity, except for the uniform distribu-
tion of velocity for the head in the parallel arrangement. Besides, in comparison to heads
with oval nozzles, a marked elevation of rebound air jet velocity for the head with round
nozzles was reported. The maximal velocity value of rebound air oscillated from 6.1 up to
7.7 for heads with oval nozzles and 10 m's” for a head with round nozzles. A statistical
comparison of the rebound air velocity values indicated no significant differences in the
case of the head with oval nozzles arranged parallelly at 35 ms” and 40 m's™ outlet velocity.

Studies on the distribution of the velocity of air jet rebound against the chamber bottom
at 45 m's” air nozzle velocity showed that the distribution displayed a similar uniformity in
the case of the head with oval nozzles and the head with round nozzles. As for the other
heads, a markedly more uniform distribution was reported.

When analyzing the velocity field of air jet rebound at 45 ms™ air nozzle velocity, their
non-uniform distribution was found. The increased velocity of air leaving the nozzles did
not cause a notable increase of the rebound air velocity only in the case of the head with
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oval nozzles in the parallel arrangement. In the other cases its growth up to the maximum of
10 m's™ was recorded.

The effect of an oval cross-section of the nozzles on the possibility of bed boiling was
estimated during green beans and French Fries impingement fluidization freezing. It was
established that the boiling fluidized bed was obtained for heads with oval nozzles in
a parallel and mixed staggered configuration and an air outlet velocity of 40 m's”. In other
cases under investigation neither a boiling fluidized bed nor pneumatic transport of raw
material was obtained.

Conclusion

The following conclusions were formulated on the basis of the research and analysis of

the measurement results:

1. The increased velocity of air leaving the nozzles and the arrangement of oval nozzles in
the head affect the velocity of air jet rebound from the working chamber bottom.

2. In the case of air nozzle velocity above 45 m's”, the mean rebound air velocity decreas-
es due to overpressure in the working chamber.

3. Studies exploring obtaining a fluidized bed of French fried potatoes and green beans
using heads with oval nozzles indicated the possibility of applying this head type in the
freezing treatment. The most suitable air nozzle velocity proved to be 40 m-s™.
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WSTEPNA OCENA ZASTOSOWANIA GLOWICY ROBOCZEJ
Z OWALNYMI DYSZAMI DO ZAMRAZANIA METODA
ODWROCONEJ FLUIDYZACJI WYBRANYCH WARZYW

Streszczenie. Uktad roboczy urzadzenia do chtodzenia i zamrazania metodami impingement i odwro-
conej fluidyzacji zmodyfikowano, stosujac do rozprowadzania powietrza dysze o przekroju owalnym
w trzech konfiguracjach ustawienia wzglgdem siebie. Pomiary predkosci powietrza wyptywajacego
z dysz przy zatozonych zréznicowanych ich wartosciach 30-50 m-s™ i predkosci powietrza odbitego
od dna komory roboczej przeprowadzono, wykorzystujac trzy gltowice z dyszami owalnymi
i porownawczo jedna z dyszami klasycznymi. Przekrdj poprzeczny wszystkich dysz byt identyczny.
Wykonano proby zamrazania frytek ziemniaczanych w tych warunkach. Analiza p6l predkosci po-
wietrza odbitego wykazata, ze uktad dysz owalnych oraz predkos¢ wyptywajacego z nich powietrza
decyduja o predkosci powietrza odbitego. Stwierdzono, ze mozliwe jest ograniczone zastosowanie
dysz owalnych w obrobce zamrazalniczej metoda odwrdconej fluidyzacji, a najodpowiedniejsza
predko$cia powietrza wyplywajacego z dysz byto 40 m-s™.

Stowa kluczowe: odwrocona fluidyzacja, rozprowadzenie powietrza, dysze, przekroj owalny
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ARTICLE INFO ABSTRACT
Article history: The article presents an innovative mixing-densifying-dosing system of
Received: November 2014 a pelletizer, which feeds plant material to the densifying system. The
Received in the revised form: structure of the system allows simultaneous realization of the mixing
November 2014 operation as well as non-pressure compression of powdery fractions of
Accepted: December 2014 the processed material. The paper also sets forth results of the present-
ed system. The tests included determination of the rotational speed of
Kf{ywrd&' the internal cylinder of the system (25, 40, 55 rot-min") and mass
mixing

intensification of the densified raw material flow (4, 8 and 12 kg-h™)
on the amount of the pelletized fraction. Fine-grained waste of nettle
from Herbapol plants in Biatystok was used as a research material.
The tests which were carried out allowed determination of the mixing-
densifying -dosing system for initial densification of the fine-grained
plant material (nettle waste) before feeding it to the working system of
the pelletizer and allowing elimination of the finest fractions of the
crumbled plant material by its non-pressure compression during
mixing.

non-pressure compensation
powdery material

Introduction

The process of pressure agglomeration of plant materials (pelletizing, briquetting) is
commonly used both in production of fodder and solid organic fuels (often from waste)
(Szpryngiel et al., 2011; Skonecki and Laskowski, 2006). In the process, loose plant mate-
rial (including various compositions of mixtures) acquires a solid form, which brings nu-
merous utility advantages. Variability of plant materials, including physical, chemical,
biological properties, which change also during the process (Kaliyan and Morey, 2009;
Shaw, 2008), high condensing pressures (60-150 MPa), high temperature in the working
system (80-90°C) causes that this field of science and technique constantly requires many
significant innovative supplements (Chtopek et al., 2012; Hejft and Obidzinski, 2012; Hejft
and Obidzinski, 2013).

Pelletizing, briquetting are twin processes. The difference consists mainly in the size of
the obtained product (pellet is in the form of rolls with diameter from approx. 2 mm to
10-15 mm, whereas a briquette is often a roll, a cylinder or a prism with the cross-sectional

! The article was written as a part of the statute work S/WBiIS/2/2015
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area from 3 cm’ to approx. 50 cm®). The length of products depends on designation and is
from several to dozen or so times bigger than its diagonal dimensions (Hejft, 2002).

Figure 1 presents a prototype pelletizing and briquetting system made as a part of reali-
zation of the research paper Ministry of Science and Higher Educatio No. N N504 488239
titled "Testing the working system of the plant materials pelletizer" funded from the budget
funds for 2010-2013 (Hejft and Obidzinski, 2013a).

PROTEGHNKA 5 o

v

Figure 1. A prototype pelletizing system (Hejft and Obidzinski, 2013a): 1 — mixing- densify-
ing-dosing system, 2 — drive of the mixing-densifying-dosing device, electric engine
MS7124 with a reducer PM50, 0.37 kW, 1370 rot-min”, 3 — raw material feeding hopper,
4 — mounting support, 5 — feeding hopper for raw material which was initially condensed,
6 — working system, 7 — discharge, 8 — electric engine YX3-180L-4B3IE2, 22kW, 1470

rot-min”, 9 — embodied torque measuring device Mi20, 10 — control box, 11 — toothed gear
ratio 1:6,8, 12 — base
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Material subjected to pelleting is fed by the feeding hopper 3 to the mixing-densifying-
dosing system 1. Drive 2 of the mixing-densifying-dosing system is carried out through an
electric engine with a reducer and a chain transmission. The support 4 allows regulation of
the level of location of the mixing-denisfying-dosing system. After the material leaves the
mixing-densifying-dosing system it is fed through the feeding hopper 5 to the working
system 6 which consists of the material separator, a working system with a flat immovable
matrix and pelleting shafts. Produced pellets (briquettes) are taken by the discharge 7. Drive
of the pelleting shafts system is carried out from the electric engine through the measuring
torque 9 and the reducer 11.

The mixing and densifying system of the pelletizer

Figure 2 presents an innovative mixing-densifying-dosing system before feeding it to
the dosing system. The structure of the system allows simultaneous realization of the mix-
ing operation as well as a non-pressure compression of powdery fractions of the processed
material (Hejft and Obidzinski, 2012a; Hejft, 2013).

The mixing-densifying-dosing system for the working system of the pelletizer may co-
operate with both the working system "flat matrix — densifying rolls", as well as "ring ma-
trix- densifying rolls".

Two units have been known so far in the structural solutions of granulating devices
(pelleting): mixing and dosing (with a possibility of conditioning material through provid-
ing steam). Most frequently these are structures which consist of an immovable cylinder
(pipe), inside of which a shaft is turning with a helix reeled on or blades mounted on the
helix and of a drive (with an electric engine) (Hejft and Obidzinski, 2012a).

The mixing-densifying-dosing system was presented in figure 2, equipped with a rota-
tional cylinder 5, which has openings 5a in the front part, supplying material to the inside.
Inside the cylinder there are exchangeable plates 4 mounted with screws to the cylinder
(arranged in a helix on its length) with a possibility of regulation of the angle of their ar-
rangement. Drive from the engine 1 is conveyed through a transmission e.g. a belt one onto
a movable shield 3, which is mounted on a driven, curved shaft 4. The shield 3 has a cylin-
der 5 mounted on it, which plays a role of the working mixing-densifying-dosing system
and blades 6, which provide raw material inside the cylinder 5.

Making shaft 4 as a curved shaft allows supply of liquid (which may serve as a binder)
or another liquid additive or water steam (in relation to demand) through an opening to the
cylinder 5.

The rotating cylinder 5 is shielded by the immovable cylinder 8 mounted to the immov-
able shield 9 through the shield 10 to the casing 11, bearings 12 and is closed with
a demountable cover 13. The feeding hopper for raw material 14 and on its end the dis-
charge 15 are mounted to the immovable cylinder 8 over the openings 5a of the cylinder 5.
Material fractions introduced to the rotating cylinder 5 through openings 5a and the steering
wheel 6 move on the surface of the rotating cylinder 5 which causes partial pelletization
(non-pressure) of powdery fraction particles included in material. The structure of the sys-
tem allows regulation of the tilt angle of the device in relation to the working system of the
pelletizer through loosening the screw cap 16 and the change of the arm arrangement 17.
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Figure 2. Schematic representation of the mixing-densifying-dosing system (Hejft and
Obidzinski, 2012a; Hejft and Obidzinski, 2013): 1— electric engine, 2 — belt transmission,
3 — moving shield, 4 — curved shaft, 5 — rotating cylinder, 5a — supplying openings,
6 —blades, 7 —tiles, 8 — immovable cylinder, 9 —immovable shield, 10 — shield, 11 — bear-
ings casing 12 — bearings, 13 — cover, 14 —raw material feeding hopper, 16 — screw cap,

17 —arm, 18 —arms
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Figure 3 presents the mixing-densifying-dosing system.

a) b)

Figure 3. View of the units of the mixing-densifying — dosing system: a) from the feeding
hooper, b) from the discharge, c) from the inside

The objective of the paper

The objective of the paper is to present a structural solution for the mixing-densifying-
dosing prototype pelletizing device with a working system "flat immovable matrix- densi-
fying rolls", which allow initial compression of the powdery and fine-grained fraction of
material which is pelletized, its mixing and dosing to the working system of the pelletizer
and presentation of the initial research of this system.

Methodology of research

The paper includes tests of the non-pressure agglomeration process with the use of the
mixing, densifying and dosing system presented in figures 2 and 3.
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Fine-grained waste from nettle which came from plants of Herbapol in Biatystok and
which constituted remaining after processing of these plants during refining and final sort-
ing before drying and during sorting and packing dried herbs were used as the research
material.

The initial tests included the rotational speed of the internal cylinder of the mixing-
desnifying-dosing system (25, 40, 55 rot-min™") and mass intensification of the compressed
raw material flow (4, 8 and 12 kg-h™) as variable parameters.

Determination of the impact of the rotational speed of the internal cylinder of the mix-
ing-densifying-dosing system was made at the mass intensification of the compressed raw
material flow which is 8 kg-h”, and the impact of the mass intensity of the compressed
material flow was determined at the rotational speed of the internal cylinder of the mixing-
densifying-dosing system equal to 40 rot-min™'. These tests were carried out at the 20%
participation of binder referred to the amount of the agglomerated material. The content of
starch in water solution was 10%.

During the process of agglomeration, binder was supplied into the cylinder through
a sprayer nozzle. After the agglomeration process, the obtained product was placed in
a separate vessel and dried in the room temperature (approx. 23°C) for 48 hours and
afterwards a screen analysis of each sample was carried out in order to determine the mass
participation and the granulometric distribution of the pelletized fraction. Particles which
exceed 0.5 mm in size have been assumed as a pelletized fraction.

Determination of the granulometric composition of the fine-grained nettle waste and the
pelletized fraction division from the non-pelletized one was made with a shaker LPz-2e by
Multiverw Morek company pursuant to the standard PN-EN 932-1. During determination,
a previously weighed 50 g -sample of nettle waste was poured onto the upper screen of the
screen analysis set. The set of 5 screens with the following dimensions of the square mesh
side was applied: 0.5 mm; 0.25 mm; 0.125 mm; 0.063 mm; 0.040 mm. The time of opera-
tion of the shaker was 5 minutes at the assumed vibrations amplitude of 80%. After the
process of screening, each fraction on the screen was weighed and the obtained result of
weighing constitutes a percentage content of a given fraction.

For division of the pelletized and dried fraction the set of 6 screens of the following di-
mensions of the square mesh side was applied: 0.5 mm; 1.0 mm; 2.0 mm; 4.0 mm; 6.0 mm
and 8.0 mm. Division of particular fractions was made by means of its screening within
30 seconds. Results of the obtained measurements were developed in Microsoft Excel.

Results of the research

The screen analysis allowed a statement that in the investigated nettle waste the lowest
percentage participation consists of the fraction of 0.5 mm size, the participation of which
is 0.13%. The highest percentage participation is in case of a fraction with the size of
0.125 mm, the percentage participation of which is 44.4%, fraction with the size of
0.25 mm amounts to 28.2%. However, waste includes a big amount of fraction with the size
of 0.063 mm (19.83%) and fraction with the particle size of 0.040 mm (6.26%). From the
point of view of usefulness for pressure compression, this type of granulometric distribution
i.e. a considerable participation in powdery fraction waste causes great problems and
increases the demand for the power of pelletizing devices. Thus, this type of waste should
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be mixed before condensation with waste of bigger size of particles or subjected to non-
pressure agglomeration before the process of pressure agglomeration.

Based on the obtained research results (fig. 4) a significant impact of the rotational
speed of the internal cylinder of the mixing-densifying-dosing pelletizer on the amount of
the pelletized fraction of the nettle waste condensed without pressure was determined.
Along with the increase of the rotational speed of the cylinder from 20 to 55 rot-min”
a decrease of the amount of the pelletized fraction from 19.29 to 17.48% took place.

The decrease of the mass participation of the pelletized fraction along with the increase
of the rotational speed of the cylinder is considerably related to the reduction of time in
which the nettle waste stay in a compression drum, which reduces possibility of formation
of new agglomerates from the compressed waste, and the time of the increase of the previ-
ously formed agglomerates shortens and as a result participation of the pelletized fraction
gets lower.

19,8
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Participation of the pelletized fraction (%)
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Figure 4. Impact of the rotational speed of the cylinder on the amount of pelletized fraction
of the nettle waste

A one-factor analysis of variance (one-dimensional test of significance by Kotmogor-
ow-Smirnow) at the level of significance p=0.05, allowed determination of significant dif-
ferences between values of the compressed fraction participation, obtained at the increasing
rotational speed of the cylinder of the pelletizer.
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Figure 5 presents the relation of the amount of the pelletized fraction of nettle waste
compressed without pressure to the mass intensification of flow of fine-grained nettle
waste.

Increase of the mass intensity of flow of nettle waste from 4 to 12 kg-h™ influenced
a slight increase of the amount of the pelletized fraction from 17.45 to 21.18%.

The raise of the mass participation of the pelletized fraction along with the raise of the
mass intensity of flow of the compressed waste through the system cylinder is related to the
growth of the amount of raw material (nettle waste) in the compression drum, which may
simultaneously create new agglomerates from the compressed waste or increase previously
formed agglomerates which as a result increases the pelletized fraction participation.

A one-factor analysis of variance (one-dimensional test of significance by Kotmogor-
ow-Smirnow) at the level of significance p=0.05, allowed determination of significant dif-
ferences between values of the compressed fraction participation, obtained at the increasing
rotational speed of the pelletizer cylinder.
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Figure 5. Impact of the mass intensity of flow of raw material on the amount of pelletized
fraction of nettle waste
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Conclusions

1. The tests which were carried out allowed determination of the usefulness of the mix-
ing-desnifying-dosing system for initial compression of the fine-grained plant material
(nettle waste) before feeding it to the working system of the pelletizer and allowing
elimination of the finest fractions of the crumbled plant material (pelletized) by its non-
pressure compression during mixing.

2. Along with the increase of the rotational speed of the cylinder from 20 to 55 rot-min
a decrease of the amount of the pelletized fraction from 19.29 to 17.48% took place.

3. The increase of the mass intensity of flow of nettle waste from 4 to 12 kg-h™ influ-
enced the increase of the amount of the pelletized fraction from 17.45 to 21.18%.

4. The one-factor analysis of variance, which was carried out allowed determination of
significant differences between the values of the compressed fraction participation, ob-
tained at the growing intensity of flow of the compressed nettle waste and at the grow-
ing rotaitonal speed of the pelletizer cylinder.

References

Chtopek, M.; Dzik, T.; Hryniewicz, M. (2012). Metoda doboru elementow uktadu roboczego granula-
tora z ptaska matryca. Chemik, 66, 5, 493-500.

Hejft, R. (2002). Cisnieniowa aglomeracja materiatow roslinnych. Biblioteka Problemow Eksploata-
cji, ITE, ISBN 83-7204-251-9.

Hejft, R.; Obidzinski, S. (2012). Ci$nieniowa aglomeracja materialdow roslinnych — innowa-
cje technologiczno-techniczne. Cze$¢ 1. Journal of Research and Applications in Agricultural En-
gineering, 1, 63-65.

Hejft, R.; Obidzinski, S. (2012a). Urzadzenie mieszajaco-granulujaco-dozujace do uktadu roboczego
granulatora. Zgloszenie patentowe P.397754 z dnia 09.01.2012r. Urzad Patentowy Rzeczypospo-
litej Polskie;j.

Hejft, R.; Obidzinski, S. (2013). Cisnieniowa aglomeracja materiatdéw roslinnych- innowacje tech-
niczno-technologiczne. Czes¢ 1. Uktad dozujacy, mieszajaco-granulujacy. Journal of Research
and Applications in Agricultural Engineering, Vol. 58(1), 60-63.

Hejft R. (2013). Innowacje w rozwiazaniach konstrukcyjnych urzadzen do granulowania materialow
roslinnych. Czysta Energia, 6, 40-41.

Hejft R., Obidzinski S. (2013a). Praca badawcza MNiSzW Nr N N504 488239 pt. ,,Badania uktadu
roboczego granulatora do materiatow pochodzenia roslinnego” finansowana ze $rodkéw budze-
towych na lata 2010-2013.

Kaliyan, N.; Morey, R.V. (2009). Factors affecting strength and durability of densified biomass prod-
ucts, Biomass Bioenerg, 3, 337-359.

PN-EN 932-1. Badania podstawowych wlasciwosci kruszyw. Metody pobierania probek.

Shaw, M. (2008). Feedstock and process variables influencing biomass densification. A Thesis.
Department of Agricultural and Bioresource Engineering, University of Saskatchewan. Saskato-
on, Saskatchewan, Canada.

Skonecki, S.; Laskowski, J. (2006). Wplyw $rednicy komory i masy probki na zaggszczanie poeks-
trakcyjnej sruty rzepakowej. Inzynieria Rolnicza, 6(81), 15-23.

Szpryngiel, M.; Kraszkiewicz, A.; Kachel-Jakubowska, M.; Niedziolka, I. (2011). Ocena ggstosci
usypowej i energochtonnosci produkcji peletow w peleciarce z dwustronng matryca ptaska. Inzy-
nieria Rolnicza, 6(131), 215-222.

65



Roman Hejft, Stawomir Obidzinski

INNOWACJE W KONSTRUKCJI GRANULATOROW
DO MATERIALOW ROSLINNYCH

Streszczenie. W artykule przedstawiono nowatorski uktad mieszajaco-granulujaco-dozujacy granula-
tora, podajacy material roslinny do uktadu zaggszczajacego. Budowa uktadu pozwala na jednoczesna
realizacj¢ zarbwno operacji mieszania, jak i bezci$nieniowego granulowania pylistych frakcji prze-
twarzanego materiatu. W pracy przedstawiono takze wyniki zaprezentowanego uktadu. W badaniach
okreslono wptyw predkosci obrotowej cylindra wewnetrznego uktadu (25, 40, 55 obr-min™) oraz
masowe natgzenie przeptywu zageszczanego surowca (4, 8 i 12 kg-h™) na iloé¢ frakeji zgranulowanej.
Jako material badawczy wykorzystano drobnoziarniste odpady z pokrzywy pochodzace z zaktadow
Herbapol w Biatymstoku. Przeprowadzane badania pozwolity stwierdzi¢ przydatno$¢ uktadu miesza-
jaco-granulujaco-dozujacego do wstepnego zageszczania drobno-ziarnistego materiatu roslinnego
(odpadow pokrzywy) przed podaniem do uktadu roboczego granulatora i pozwalajacego na elimina-
cje najdrobniejszych frakcji rozdrobnionego materiatu roslinnego przez jego bezcisnieniowe granu-
lowanie w trakcie mieszania.

Stowa kluczowe: mieszanie, bezcisnieniowe granulowanie, material pylisty
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ARTICLE INFO ABSTRACT

Article history: The objective .of the paper was to 'ﬁnd a relation of the content of
Received: August 2014 simple sugars in a potato tuber and its resistance to mechanical loads.
Received in the revised form: The following potato tuber varieties were investigated: Kuras, Gala,
September 2014 Agata, Ditta, Arrow, Roko and Raja. A force damaging periderm,

Accepted: December 2014 external and internal damages ratios and mass damages determined

potato tubers susceptibility to mechanical damages. Measurement of
Keywords: the sugar content in the potato tubers was carried out with a refrac-

potato tometer. A statistically significant relation, measured with the value of
fi"gar the coefficient of correlation, between the content of simple sugars

amage and susceptibility to internal damages was determined only in potato

g
tubers of Kuras and Raja varieties.

Symbols:

C,»  — content of simple sugars, (°Brixa)

F — force which caused damage to periderm of the potato tuber on the border of its

biological strength, (N)
W.., —ratio of external damage to potato tuber, (%)

N

wew — Tratio of internal damage to potato tuber, (%)

W,as —ratio of mass damages to potato tuber, (%)

L — mass of tubers with slight damage — to 1.7 mm of depth, (%)

S — mass of tubers with average damage — from 1.7 to 5.1 mm of depth, (%)

c — mass of tubers with heavy damage — more than 5.1 mm of depth, (%)
Introduction

One of many criteria which qualify potato tubers for further use (direct consumption,
storing or processing) is their susceptibility to damage both internal and external. Accord-
ing to Marks (2009) potato tuber resistance to mechanical damage is a resultant of many
factors: potato variety, growth environment, tuber development and agro-technology of
plant cultivation. Factors related to potato plant which determine susceptibility of a plant to
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damage are mainly: variety, dimensions and tuber maturity as well as its internal structure
and chemical composition (McGarry et al., 1996; Marks, 2009; Laerke et al., 2002). Rela-
tions between the above mentioned factors and their impact on a mechanical damage were
described, inter alia, in the papers by Marks et al., 2000, Krzysztofik and Nawary 2003,
Ganczarz et al. 2005 and Jakubowksi 2009. However, in the available subject literature
(Molema, 1999; Konstankiewicz et al., 2001; Marks, 2009) there is a small amount of in-
formation concerning relations between the chemical composition of a potato tuber and
a degree of its susceptibility to mechanical loads (such researches were carried out on ac-
count of the selected cells of the pulp tissue of a potato tuber (Hejtmankova et al., 2013) or
damages to starch particles (Yue et al., 2012). Particularly noticeable in literature is absence
of researches on the relation of simple sugars content in a potato tuber and its resistance to
mechanical damage. In the potato bulb (Solanum tuberosum L.) there are carbohydrates
which belong to monosaccharides (aldose and ketose) as well as to oligosaccharides (sac-
charosis) and such that do not show reductive properties of polisaccharides (starch). Simple
sugars (monosaccharides) with reductive properties, are represented in a potato tuber main-
ly by glucose (which contains aldehyde group — CHO) and fructose (which contains ketonic
group =C=0). It should be mentioned that a tuber includes also simple sugars (ribose, de-
oxyribose, arabinose, rhamnose, galactose or galacturnoci acid) which do not occur in the
free state but mainly incorporated in nuclein acids of a potato. A separate group consists of
metabolites (0.2-4.5% of dry mass of a potato tuber) in the transfer of sugars (phosphatic
esters of sugars as e.g.: glucose-6-phosphate, fructose-6 phosphate, triose-3 phosphate)
(Wieczer and Gonczarik, 1977).

The issue related to presence of various forms of carbohydrates (and their impact on
mechanical damages) in a potato tuber is significant, because the sugar content in relation
to the factors which act on a plant may be variable. Dynamics of these changes depends on
e.g. the applied agrotechnology or conditions in which bulbs are stored. Research by
Wojdyta et al. (2009), shows that sprinkling the potato plantation influences decrease or
increase of the sugar content in tubers. According to Shock et al. (1993) after periods of
deficiency of precipitation, a potato tuber contains more dry mass and simple sugars and
less starch. Starch, as a reserve material is broken down to simple sugars necessary to inten-
sify the plant growth (number of reducing sugars in tubers grows, which limits their techno-
logical usefulness). Higher concentration of some carbohydrates (mainly glucose and fruc-
tose) influences also the intensity of the Maillard reaction course (Zgoérska and Frydecka-
Mazurczyk, 2000; 2002).

The objective of the paper was to find the relation of the content of simple sugars in
a potato tuber and its resistance to mechanical loads.
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The scope of paper and the methodology of research

Tests were carried out at the turn of 2011-2012 in laboratory conditions. Potato tubers
of the following varieties were used: Kuras, Gala, Agata, Ditta, Arrow, Roko, Raja. Materi-
al for research (in the full technical maturity stage) came from own field experiment, locat-
ed on the podzoil soil during which correct principles of agrotechnologies for the potato
plant were used. Two types of fertilization were used: multicomponent fertilizer Hydro-
kompleks Yara Mila (12% N, 11% P, 18% K) in the amount of 60: 60: 90 kg-ha™ and
Ekolist Standard with urea — 3 1'ha™ in two doses. Collection of tubers was carried out in
the second half of September after 116 days of vegetation. In the aspect of the used meth-
odology of experiment tubers without visible disease symptoms were qualified for tests.
30 tubers were used in an experiment (with a unit mass 35-45g) for each variety. Tests on
the potato tubers resistance to mechanical loads were carried out in laboratory conditions
(tests covered determination of resistance to static and dynamic damages). A force damag-
ing periderm, external and internal damages ratios and mass damages determined potato
tubers susceptibility to mechanical damages. In order to make a static damage, a single
potato tuber was loaded with the use of a static and spring penetrometer to the moment of
its damage caused by a roll bolt pressed inside the pulp. Pressure on the sample was trans-
ferred by a spring, diffraction of which was proportional to the pressure made. The tuber
was damaged in its central part along the direction of thickness measurement (smaller di-
mension of the biggest cross-section). The measure of the tuber resistance to mechanical
damage took a form of the force which caused damage of the potato periderm on the border
of its biological strength (force of piercing and pressing the bolt into the tuber pulp). In
order to cause a dynamic damage, a device (Jakubowski, 2010), which enabled leaving the
potato tuber within the height up to 200 cm, was used. The device was equipped with a trap
door, the task of which was to limit the rotational movement of the left tuber and reduction
of the initial acceleration, which could be formed if the tuber was manually dropped. Tu-
bers were dropped from the height of 100 cm onto a metal plate with the surface area of
0.5 m”. The surface, which directly adjusted to the plate edges, was secured in order to
avoid secondary damages of a tuber, which could occur in case it got bounced from the
ground. Tubers, after damage were stored in a freezer in sisal bags for 3 days. The assess-
ment of the damage size caused to a tuber was made with the use of a fissure knife (fissure
width 1.7 mm) by removing the skin (Roztropowicz, 1999). Potato tubers were qualified as:
non-damaged (which do not have any external and internal damages), damaged externally
(abrasion, periderm crackings, damage to pulp) and internal damages (which do not have
visible external damages, however which may have blackspot bruisers visible after the
removal of periderm). Tubers with external and internal damages were classified (assuming
depth of damage as a criterion) as: slightly damaged (depth of damage to 1.7 mm inclusive-
ly); at the average (depth of damage 1.71-5.1 mm inclusively) and very damaged (depth of
damage exceeds 5.1 mm). For each size of damages, number of tubers and mass was pro-
vided. Then mass index of tuber damages was calculated (W) according to the formula 1
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(where lower indexes: ext., int. and mass respectively: external damages, internal and mass
damages).

Winas= 0.1Lwew+ 0.38 0w, + 1Czew + 0.1 Lwew+ 0.3Syeq + 1Cwew (%) (1)

Measurement of the sugar content was carried out with the use of refractometer (preci-
sion 0.2%) on the prism of which tested potato bulb was placed. This device, equipped with
two prisms, using the phenomenon of the total internal reflection (Snellius law), measures
the coefficient of refraction of light of the tested substance. The measurement system of the
refractometer is lighted with a light beam. In relation to the angle of refraction of this beam,
it goes through the border surface to the second prism and then to a spyglass. The field seen
in a spyglass is divided into two parts: light and dark. The division line is clear and its loca-
tion depends on the border angle of the investigated substance. The coefficient of light
refraction is proportional to the concentration of the investigated substance. The measure-
ment result is obtained in °Brix scale.

The obtained results were subjected to statistical analysis with the use of STATISTICA
10 at the level of significance of a=0.05. The research included determination of the corre-
lation relations between the content of simple sugars in potato tubers and their resistance to
mechanical damage. Moreover, similarities between the potato varieties, accepted for the
research were analysed on account of susceptibility of tubers to mechanical damages and
the content of simple sugars. Correlation relations were determined with the use of Pearson
coefficient and varietal similarities were invetsigated through a one-factor analysis of vari-
ance. For statistically significant correlation compounds, with the method of the smallest
squares, curves and equations of regression were determined. Varietal differences between
the statistically significant averages were investigated with Tukey's test of multiple compar-
isons. The analysis of variance was carried out with the test on the regularity of distribution
in samples (Kolmogorov-Smirnov test) and on the uniformity of variance (Lavene's test).
The obtained research results (values expressed in %) for statistical developments were
transformed according to the formula y=arcsin \x (where x is a researched dependable
variable). After the statistical calculations were made, the values were retransformed to the
original form.

Table 1 presents the calculated values of Pearson correlation coefficients for linear rela-
tions between the content of simple sugars in potato tubers and their susceptibility to me-
chanical damage. It should be emphasised that interdependence of features determines
mutual relations between the selected variables not only through force of the investigated
relation but also through its direction. All coefficients of correlation, calculated for the
relation Cpr — Woew, Wyew and Wy, are additional values, which proves that along with the
increase of the simple sugars content in potato tubers also average values of dynamic dam-
ages indexes increase. It should be also included that in the presented research results (table
1) only coefficients of correlation calculated for the relation Cyr — Woey, and Wy, (on ac-
count of the analysis method and the nature of the analysed variables) express a simple
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correlation. Relation Cp, — Wy, is a multiple correlation, thus informing on the relation of
one feature (C,,) with several presented together (W, and W) — thus values for C,; —
Wias may be reduced. Statistically significant values of the coefficient of correlation were
reported only in case of two varieties of potato (Kuras and Raja) or the relation between the
simple sugars content and the index of internal damages of a potato tuber.

Table 1
Coefficients of Pearson correlation between the content of simple sugars in a potato tubers
and their susceptibility to mechanical damage

Value of the coefficient of correlation for the relation

Variety Cy—F Cor— Woe Cor— Woew Cor— Wonas
Kuras 0.16 0.15 0.79% 0.41
Gala 0.15 nrd 0.51 0.51
Agata -0.36 0.23 nrd 0.23
Ditta -0.28 0.26 0.53 0.51
Arrow 0.16 0.12 0.52 0.40
Roko -0.15 0.21 0.57 0.41
Raja -0.3 0.19 0,72* 0.42

* statistically significant correlation (¢=0.05), nrd — no reported damages

The above mentioned varieties differ on account of both their utility and belonging to
the group of earliness; also morphology of tuber alone is varied. In principle, the only
common feature which joins those two varieties is a higher content of starch, in comparison
to the remaining varieties accepted in the experiment. Varieties Gala, Ditta, Arrow and
Roko are early (or very early) edible varieties with the starch content of 11.8-13%. Kuras is
a late starch variety (19.35 of starch) and Raja is a middle-early edible variety with the
content starch of 15.6% [Characteristics of the national register of potato varieties] —
IHAR [Plant Breeding and Acclimatization Institute] 2011). Simple sugars are formed as
a result of the reserve material decomposition, which in a potato tuber occurs in the form of
starch. Therefore, a hypothesis, that the relation between the internal damages of a tuber
and the content of simple sugars shall be determined with the amount of starch in a potato,
may be right. Equations of regression (table 2, figure 1) which describe the above men-
tioned relation (Wyew— Cp) had low values of coefficients of determination of the trend line
(regression models explain only in 52% in case of Raja variety and in 62% in case of Kuras
variety, the impact of the simple sugars content on the formation of internal damages of
potato tubers).

Table 2
Equations of regression for statistically significant correlations between factors W,— C,,

Value of coefficient

Potato variety Regression of equations of determaination
Kuras y=12.67x+18.8 R*=0.62
Raja »=9.19x+9.81 R%>=0.52
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Figure 1. Relation between the content of simple sugars and the content of the ratio of
damages to potato tubers of Raja and Kuras variety

Table 3
Results of one-factor analysis of variance - impact of the investigated dependent variables
on the differences between the potato varieties accepted in the experiment.

Variable Sums of Mean sums  Error of Error of the Value Level
squares of squares the sum mean sumof  of F test P
of squares squares
C,, 0.1069 0.018 0.305 0.003 5.732 0.000
F 92.545 15.424 76.58 0.782 19.738 0.000
Weew 1534.2 255.7 23.8 0.243 1054.8 0.000
Wew 6998.2 1166.4 46.5 0.474 2460.8 0.000
Wonas 5411.2 901.9 74.2 0.757 1191.5 0,000

Results of the analysis of variance (table 3) indicate the occurrence of significant differ-
ences between the potato varieties accepted in the experiment. Significant value of
Snedecor F-test was a premise to carry out multiple comparisons in order to select uniform
groups of dependable variables. The post-hoc tests which were carried out (table 4-8)
showed existence of 3 homogeneous groups in case of the simple sugars content in tubers
of the investigated potato varieties, 4 groups in case of the force value which caused dam-
age to periderm of a tuber on the border of its biological strength and 7 homogeneous
groups in case of susceptibility of varieties to both external, internal and mass damages.
The structure of homogeneous groups which includes the content if simple sugars in tubers
is probably dictated by the similarity of varieties on account of their starch content; Raja
and Kuras respectively 15.6 and 19.3%; Ditta, Arrow, Agata and Gala approx. 13% and
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Roko 12%. Diversity of the investigated varieties on account of susceptibility of tubers to
mechanical damages was the expected result. Potato tubers, used in the experiment may be
included to varieties, in relation to a variety, to highly resistant as well as to very suscepti-
ble to mechanical damages (3-9 w 9° of IHAR scale). Some discrepancies with regard to the
values of ratios of damages obtained in tests referred to ratios included in Charakterystyce
krajowego rejestru odmian ziemniaka IHAR [IHAR’s Characteristics of the national regis-
ter of potato varieties] may be dictated by the fact, that in the presented experiment, all
varieties were harvested in one term in order to obtain material in the stage of full technical
maturity. In case of tests on the mechanical damages resistance, IHAR collects material
according to the date of harvesting predicted for a given earliness of a variety. In such case,
it may happen that the collected potato tubers do not have fully shaped periderm and thus
their susceptibility to damages will be higher.

Table 4
Tukey's test result for multiple comparisons — differences between the simple sugars con-
tent damages in relation to the potato variety

Potato variety C,r (°Brix scale) 1 2 3

KURAS 0.16 Hrx

RAJA 0.17 Hrx

DITTA 0.23 ko

ARROW 0.23 ok

AGATA 0.23 ko

GALA 0.23 ko

ROKO 0.25 ok
Table 5

Tukey's test result for multiple comparisons — differences between the values of the force
which damages the bulb periderm in relation to the potato variety

Potato variety F (N) 1 2 3 4
ARROW 8.71 Horkok

RAJA 9.35 oAk

ROKO 9.37 oAk

DITTA 10.16 oAk

GALA 10.19 oAk

AGATA 10.55 oAk

KURAS 11.83 oAk
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Table 6

Tukey's test result for multiple comparisons — differences between the value of the tuber
internal damages ratio in relation to the potato variety

Potato variety Wivew (%) 1 2 3 4 5 6 7

AGATA 0.00 ook

ARROW 3.92 Horkok

GALA 8.14 ook

RAJA 11.53 Horkok

DITTA 19.63 Horkok

KURAS 20.83 Horkok

ROKO 22.33 Horkok
Table 7

Tukey's test result for multiple comparisons — differences between the value of the tuber
external damages ratio in relation to the potato variety

Potato variety Woew (%) 1 2 3 4 5 6 7

GALA 0.00 ook

DITTA 1.44 ook

KURAS 4.46 Horkok

ROKO 6.36 oAk

RAJA 7.25 oAk

AGATA 9.65 oAk

ARROW 11.33 oAk
Table 8

Tukey's test result for multiple comparisons — differences between the value of the tuber
mass damages ratio in relation to the potato variety

Potato variety =~ Wi (%) 1 2 3 4 5 6 7
GALA 8.08 HoAAK

AGATA 9.64 Hokkk

ARROW 14.96 oAk

RAJA 19.12 HoAkE

DITTA 20.67 oAk

KURAS 25.33 oAk

ROKO 29.01 oAk
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Conclusions

1. A statistically significant relation, measured with the value of the coefficient of corre-
lation, between the simple sugars content and susceptibility to internal damages was
determined only in potato tubers of Kuras and Raja varieties.

2. All dependent variables (content of simple sugars, value of the force that damages
periderm and indexes of external, internal and mass damages) significantly differenti-
ated potato varieties accepted for the experiment.
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ZALEZNOSC MIEDZY ZAWARTOSCIA CUKROW PROSTYCH
W BULWIE ZIEMNIAKA A JEJ WYTRZYMALOSCIA
NA OBCIAZENIA MECHANICZNE

Streszczenie. W pracy poszukiwano zaleznosci migdzy zawartoscig cukrow prostych w bulwie ziem-
niaka a jej wytrzymatoScig na obciazenia mechaniczne. Badano bulwy ziemniaka odmian: Kuras,
Gala, Agata, Ditta, Arrow, Roko i Raja. Wyznacznikiem podatno$ci bulwy ziemniaka na uszkodzenia
mechaniczne byty: sita uszkadzajaca peryderme, wskazniki uszkodzen zewnetrznych i wewnetrznych
oraz uszkodzen masowych. Pomiar zawartosci cukru w bulwie ziemniaka wykonano przy uzyciu
refraktometru. Statystycznie istotng zalezno$¢, mierzona warto$cia wspotczynnika korelacji, migdzy
zawartoscig cukrow prostych a podatnoscia na uszkodzenia wewngtrzne stwierdzono wylacznie
w bulwach ziemniaka odmian Kuras i Raja.

Stowa kluczowe: ziemniak, cukier, uszkodzenie

76



Scientific quarterly journal e-ISNN 2449-5999

Agricultural Engineering
2015: 1(153):77-84

Agricultural

Homepage: http://ir.ptir.org Engineering

DOL: http://dx.medra.org/10.14654/ir.2015.153.108

COMPARISON OF ECONOMIC EFFICIENCY
OF MAIZE CULTIVATION FOR GRAIN IN FARMS,
WHICH USE VARIOUS FIELD CULTIVATION TECHNOLOGIES

Pawel Kotosowski', Tomasz K. Dobek, Patrycja Satagan

Department of Construction and Use of Technical Devices
West Pomeranian University of Technology in Szczecin
*Contact details: ul. Papieza Pawla VI/3, 71-459 Szczecin, e-mail: Pawel. Kolosowski@zut.edu.pl

ARTICLE INFO ABSTRACT
Article history: The increasing crop production costs force to search for alternative
Received: October 2014 cultivation methods of particular crop species, which would reduce
Received in the revised form: production costs and obtain higher income at similar yield. The objec-
December 2014 tive of the research was to evaluate the economic efficiency of maize
Accepted: February 2015 production for grain. The scope of research covered a simplified and
traditional technology of maize cultivation for grain. Maize production
Keywords: costs and costs of fuel, human work, materials and raw materials as
glyphosate well as operation of machines and tools used in the investigated

production costs
traditional technology
simplified technology
economic efficiency ratio

technologies, were calculated. Revenue and income from maize
production in the investigated farms were determined. The research,
which was carried out, shows that a higher value of the economic
efficiency ratio was obtained in the simplified technology of produc-
tion, where it was at the average of 2.06. Whereas, in the traditional
technology, average value of the evaluated ratio was 1.91.

Introduction

Maize is a thermophilic plant, which due to biological progress may be successfully
cultivated at a more extended area of the country. Its early varieties with low value of FAO
index are recommended for cultivation in the furthest north regions of our country. It con-
cerns not only silage varieties but also varieties cultivated for grain. It is a plant which is
comprehensively use in agriculture, which is fine on weaker stands and with periodical
water deficiencies (Jasinska and Kotecki, 2003; http://piorin.gov.pl). Therefore, since 2009
area of its cultivation has systematically risen in Poland (Main Statistical Office, 2013).

Maize is a plant, which bears well simplification in soil cultivation. In extreme cases,
cultivation treatments may be entirely eliminated or may be limited to cultivation of a nar-
row area around rows (Banasiak et al., 1999; Piechota, 2011). In some conditions reduction
of the number of treatments may result in the increase of the obtained maize crop. Howev-
er, it is related to intensification of pressure from weeds, which are not destroyed in me-
chanical soil cultivation (Sekutowski and Rola, 2010; Blecharczyk et al., 2004). Further-
more, giving up treatments limits the scope of available herbicides for foliar fertilization
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because substances applied to soil are designed for use in well cultivated soil. Weeds de-
veloping on the surface of a field, not damaged during a fall ploughing and slightly limited
during spring cultivation treatments, have considerably prevail over maize. It mainly con-
cerns perennial weeds such as couch grass. A low rate of growth of maize in its initial
growth stages makes undesired plants effective competitors for the cultivated plant, limiting
as a result the obtained crop. One of the methods of eliminating weeds after sowing but
before maize germination is the use of total herbicides. This treatment is very effective,
cheap and does not obstruct the cultivated plant. Glyphosate (N-phosphonomethyl glycine)
is currently one of the most popular active total herbicide substances (Kotosowski et al.,
2013; Woznica and Waniorek, 2008). Presently, 5 preparations which include active sub-
stance, designed for pre-germination combating of weeds in maize, are registered in Poland
(www.ior.poznan.pl). Their use combined with simplifications in soil cultivation may prove
to be a good solution for many agricultural farms, which cultivate or are going to cultivate
maize. A simplified maize cultivation technology combined with the use of glyphosate
allows not only reduction of the incurred costs but also enables more efficient organization
of field works and allows limitation of selective herbicides.

Objective, scope of work and methodology of research

The objective of the research was evaluation of the economic effectiveness of maize
production for grain. The scope of research covered two farms with a simplified and tradi-
tional technology of maize cultivation for grain. The paper deals with analysis of economic
profitability of maize production. The analysis included calculation of costs incurred for
particular treatments (cultivation of field, fertilization, sowing, protection and harvesting)
as well as costs related directly to maize production and provision of: costs of human work,
fuel, exploitation of machines and tools and costs incurred for purchase of materials and
raw materials indispensable for maize production. Costs were calculated based on the
methodology developed by IBMER [Institute for Construction, Mechanization and Electri-
fication in Agriculture] (Muzalewski, 2010). Moreover, revenue from sale of the produced
grains within 2011 and 2013 was calculated. The lists were used for calculation of the in-
come from production and index of economic effectiveness, understood as a relation of the
production value to the incurred costs per one hectare. Tests were carried out in two agri-
cultural farms located in Zachodniopomorskie Voivodeship, which uses different technolo-
gies of field cultivation in production of maize for grains. The tests were carried out within
2011-2013. The first agricultural farm (marked as A) used a simplified technology of field
cultivation with a pre-germination use of glyphosate, the second farm (marked as B) a tradi-
tional technology with fall ploughing (table 1). These farms carry out maize cultivation in
similar soil conditions and have a similar machinery park (table 2).

The investigated agricultural farms farm on weaker stands from IVb, V and VI of soil
classification. The farm A has acreage of 48 ha and maize within three years of research
was cultivated on the area from 12 to 14 ha. The farm B has 54 ha and maize cultivation
took 15 ha in each year. In both farms, cereals were a forecrop. The investigated agricultur-
al farms sowed mixed varieties with FAO up to 240, used selective herbicides with a simi-
lar composition and applied comparable doses of mineral fertilizers and doses of foliar
fertilization. The farm A, using a simplified technology in the research period carried out
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a pre-sowing manure fertilization in the dose of 30 m*-ha™ whereas farm B in its traditional
technology applied manure only in the season of 2013 also in the dose of 30 m*-ha™'. The
applied manure came from the same animal farm, which allows presumption that the used
natural fertilization had similar parameters. Harvest of maize grains was carried out in the
full maturity stage at the moisture of approx. 30%.

Table 1
Comparison of technologies used in investigated farms
Simplified technology — farm A Traditional technology — farm B
Date of Treatment Date of Treatment
treatment treatment
VII2 Disc harrowing XI/3 Winter ploughing
v/2 Manure fertilization 11/3 Harrowing
v/2 Spring cultivation v/2 Manure fertilization (only 2013)
Iv/3 Sowing with chaff riddle of fertilizers IV/2 Spring cultivation
V/1 Treatment with total herbicide /73 Sowm'g'wnh chaff riddle
of fertilizers

V2 Treatment with selective herbicide V2 Treatment with selective herbicide
V2 Top dressing N V/2-V/3 Foliar fertilizing
V/2-VI2 Foliar fertilizing V/3 Top dressing
X/2-XI/3 Harvest X/3-XI/1 Harvest
Table 2
Aggregates used in maize production for grain technologies in investigated farms
Treatment Farm A Farm B

Ursus 1002 + aggregate Unia Ares 3.0 TL New Holland T 5.115 + Unia Ibis
Field cultivation (2011)* XL

New Holland T 6.165 + aggregate Unia ~ New Holland TD 85 + aggregate
Ares 3.0 TL (2012 and 2013)* Unia Ares 3.0 TL
Ursus 1614 + waste removal vehicle 12.6 ~ New Holland T 5.115 + waste
m’ (2011)* removal vehicle 12.6 m’

Manure fertilization New Holland T 6.165 + waste removal

vehicle 12.6 m® (2012 and 2013)*

Mineral fertilization Ursus 1002 + spreader Unia MX 1200 New Holland TD 85 + spreader

Unia MX 1200

Sowin New Holland T 6.165 + seeder Maschio New Holland TD 85 + seeder

& Gaspardo SP 4 -row Maschio Gaspardo SP 4-row

. New Holland TD 85 + sprayer
Protective treatments ~ Ursus C 330 + sprayer Skotarek P 124 Krukowiak 600
Harvest Case Axial 1629 (service) Case Axial 1629

- - -
season, when the provided units were used
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Results

The most important element in the structure of operation costs of machines in the sim-
plified technology (farm A) were costs related to natural and mineral fertilization, which
was related to the use of organic manure fertilization which was carried out in each year.
These costs were at the average of 615.30 PLN-ha™ (table 3). Whereas in traditional tech-
nology (farm B) the costs of harvesting (except for season 2013) constituted the highest
value in the structure of costs of machines and tools operation. Special attention should be
paid to approximately 5 times higher average costs of field cultivation in a traditional tech-
nology than the costs of field cultivation in a simplified technology (fig. 1), which resulted
from fall ploughing in this farm.
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Figure 1. Operation costs of machines used for maize production in farms, which use sim-

plified technology (A) and traditional one (B) divided into treatment groups

Table 3
Costs of treatments in corn production for grain in analysed technologies
Year Farm Unit 2011 2012 2013 Average
47.37 51.58 52.80 50.58
Cultivation
238.19 266.97 280.51 261.89
o A 584.13 628.34 633.42 615.30
Fertilization
B 43.89 49.00 599.52 230.80
) A (PLN-ha™) 98.05 106.73 102.16 102.31
Sowing
B 103.51 112.28 112.23 109.34
) A 14.91 16.38 15.77 15.69
Protection
B 16.32 18.14 10.27 14.91
A 420.00 500.00 495.00 471.67
Harvest
B 429.15 511.20 507.32 482.56
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Costs of materials and raw materials for production in the structure of direct costs in
both farms constituted the most important element in the structure of direct costs in both
farms, which at the average in three years of research amounted to 1258.97 PLN-ha™ in the
farm which used a traditional technology and 1281.23 PLN-ha™ in the farm with a simpli-
fied technology (table 3). Costs of operation of machines and tools in the farm A were by
approx. 22% higher than in the farm B. Also fuel costs were higher there by 12% (table 4).
Whereas, costs of human work in both farms were at a similar level.

Materials B
Materials A
f
Costs of eXp|0ltatI0n B e
SSSSSSSSSSSSSSS
Y m Ave range
Costs of eXp|0|tat|0n A e,
3 2013
e
Wor v
ork B 3 % 2012
w
Work A & N 2011
N
S
mooocoocooa

Fuel B ez

Fuel A | lblrtrm
AN

0% 10% 20% 30% 40% 50% 60% 70%

Figure 2. Costs of direct maize production in farm with simplified technology (4) and tradi-
tional one (B)

Table 4
Direct costs of corn production for grain in the analysed technology
Year Farm Unit 2011 2012 2013 Average
Costs of fuel A 378.94 451.08 412.24 414.09
B 275.82 341.50 482.83 366.71
Costs of human work A ] 41.46 63.03 69.33 57.94
B (PLN-ha™) 39.55 49.21 78.25 55.67
Operation costs of X A 785.52 85196  886.92 841.47
machines and tools B 555.23 566.88 948.79 690.30
Costs of materials and A 1077.03 1460.38 1306.28 1281.23

raw materials B 1158.63 1412.20 1206.08  1258.97

" with no costs of fuel and human work

Average costs of maize production per one hectare of crop were higher in the farm A
with a simplified technology. They amounted to 2595 PLN-ha™ and were higher by
223 PLN-ha' than the costs incurred by the farm B with a traditional technology. Higher
costs incurred in the farm A are caused by expensive manure fertilization, which they use
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every year. In the season 2013, when also the farm B fertilized plantations with natural
fertilizers, the costs incurred by both farms were at a similar level. Within three years,
the farm which uses a simplified technology obtained higher crops of grain. It had greater
effect on the revenue from production. Average revenue obtained from the farm A was
5248 PLNha" and was by 15% higher than in the farm B. The smallest difference in reve-
nues from production was obtained in 2013 and it was 266 PLN-ha'. Considerably higher
revenue from production was developed by the farm A with a simplified technology, it
resulted in a higher revenue obtained by them. Average income from production of this
farm was by 586 PLN-ha™ higher. What is interesting, in all years of research both farms
reported a considerable majority of revenue from sale of grains over the incurred costs. It
resulted in obtaining the index of economic efficiency above the value of 1, which consti-
tutes the threshold of profitability. Average index of economic efficiency was higher in
farms, which use a technology based on the total herbicide treatment and simplified field
cultivation and was 2.06. This index reached the maximum value of 2.64 in 2011, whereas
the lowest value was obtained for 2013 — 1.72. In the farm B with a traditional technology,
this value was 1.91 (table 4) and was from 2.43 in 2011 to 1.60 in 2013.

Table 4
Economic effectiveness of maize production in farms with simplified technology (4) and
traditional one (B)

Cost Revenue Income .
. . . Index of economic
Year of production from produ_cltlon from production effectiveness
(PLN-ha™)

A B A B A B A B
2011 2283 2029 6016 4935 3733 2906 2.64 2.43
2012 2826 2370 5130 4050 2304 1680 1.81 1.71
2013 2675 2716 4598 4332 1923 1616 1.72 1.60
Average 2595 2372 5248 4439 2653 2067 2.06 1.91

Manure fertilization was significant for the obtained yield. It is particularly visible in
2011 and 2012 seasons, when a farm with a simplified technology obtained considerably
higher incomes. It complies with the research carried out by Sulewska et al. (2007), which
proved a positive impact of manure fertilization on the obtained yield of grain and maize
silage.

Conclusions

In both analysed farms, costs of materials and raw materials were the most important el-
ement of maize production costs structure. While, the lower costs relate to human work
costs. The highest costs in the farm A, which used a simplified technology, were related to
manure organic fertilization and mineral fertilization; those costs were at the average of
615.30 PLNha'. Whereas, in the farm B, with a traditional technology, the most expensive
treatment was harvest with the average of 489 PLNha™.

In both farms (A and B) the lowest costs were related to plant protection chemicals,
with the average of 15 PLN‘ha™.
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Due to higher yield in a farm with the simplified technology in this farm, a considerably
higher value of production was obtained, at the average by 809 PLN-ha™. It was crucial in
the evaluation of the production profitability. In the analysed conditions, a simplified tech-
nology proved to be more profitable, which was proved by a higher value of the economic
effectiveness of maize production for grain.
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POROWNANIE EFEKTYWNOSCI EKONOMICZNEJ
UPRAWY KUKURYDZY NA ZIARNO W GOSPODARSTWACH
STOSUJACYCH ROZNE TECHNOLOGIE UPRAWY ROLI

Streszczenie. Ze wzgledu na wzrastajace koszty produkcji roslinnej poszukuje si¢ alternatywnych
metod uprawy poszczegélnych gatunkow roslin, ktore pozwola ograniczy¢ koszty produkeji i, przy
podobnych plonach, uzyska¢ wyzszy dochdod. Celem przeprowadzonych badan byla ocena efektyw-
nosci ekonomicznej produkcji kukurydzy na ziarno. Zakres badan obejmowat uproszczona i tradycyj-
na technologi¢ uprawy kukurydzy na ziarno. Obliczono koszty produkcji kukurydzy z uwzglednie-
niem kosztow paliwa, kosztow pracy ludzkiej, kosztow materialow i1 surowcoéw oraz kosztow
eksploatacji maszyn i narzgdzi stosowanych w badanych technologiach. Okreslono przychod i dochod
z produkcji kukurydzy w badanych gospodarstwach. Z przeprowadzonych badan wynika, ze wyzsza
warto$¢ wskaznika efektywnosci ekonomicznej uzyskano w uproszczonej technologii produkeji,
gdzie wyniosta ona $rednio 2,06. Natomiast w technologii tradycyjnej $rednia warto$¢ ocenianego
wskaznika wyniosta 1,91.

Stowa kluczowe: glifosat, koszty produkcji, tradycyjna technologia, uproszczona technologia,
wskaznik efektywnosci ekonomicznej
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Article history: Research work was conducted in 4 tied-up cattle barns with herd size
Received: January 2015 44.85-109 LU. It covers analysis of preparation and discharge of feed
Received in the revised form: using machinery and equipment involved in this treatment. It also
January 2015 presents specified exploitation costs of machinery and equipment in
Accepted: February 2015 livestock buildings and components of these costs such as mainte-
nance cost and annual utilization of the machines. Also specified labor
Keywords: costs during treatment of feeding were described.

feeding treatment
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Introduction

Cattle feeding is one of the most important and necessary elements of production econ-
omy and has great influence on growth and development of animals, their health and
productivity (Krzyzewski and Reklewski, 1997). Desirable results can be achieved when
total mixed ration of feed can be obtained from mixing of concentrate and bulky feeds with
vitamin and mineral supplements. To achieve the highest level of animal production, an
increasing number of farms are equipped in modern machinery and equipment, and even in
whole feeding lines for discharge of concentrate and bulky feeds.

The rational feeding system must meet the following requirements (Romaniuk et al.,
2011b):

— feeds should fully cover animals demand for energy, protein, vitamins and mineral salts;

— discharge feeds, with appropriate quantity, should have a good quality, corresponding to
the accepted standards;

— used feed methods should provide proper reproductive processes keeping animals in
good health and provide good economic effects on total farm productivity;

— feeds for dairy cattle should be discharged in the form of a complete mixture (e.g.
TMR), mixed in a mixer wagon using concentrate, bulky feeds and mineral ingredients
as well;

— feed production should allow application of full mechanization during plants cultiva-
tion, maintenance, storage and feeding.
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In cattle feeding it is very important to have high quality roughage. Feeds rations in
bulky feeds are very diverse in terms of nutritional value. When increasing animal produc-
tion it is very important to choose a proper feeding and discharge method. The feed ration
must have both appropriate amount of minerals and energy (Winnicki et al., 2009).

The objective and scope of study

The objective of study was to analyze the cost of preparation and discharge of feeds.
Also specified exploitation costs of machinery and equipment used in the cattle feeding and
labor inputs that occur in the studied livestock buildings were taken into consideration.

The scope of the study includes studies conducted in 4 tied-up cattle barns with the herd
size of 44.85-109 LU, characteristics of machinery and equipment for preparation and dis-
charge of feeds, exploitation costs and labor input parameters.

Methods

The study was conducted taking into account the guidelines included in the research
carried out by (Muzalewski, 2010; Gancarz, 2007 and 2010; Romaniuk et al., 2011a,
b) — for example 4 tied-up cattle barns on farms. In the feeding treatment a mobile mixing
wagon or hanged feeding robots were utilized. The calculations were conducted according
to the following formulas:

Exploitation cost — K, concerning machinery and equipment utilized for the mechaniza-
tion of preparation and discharge of feeds, K. consists of maintenance cost K, and total
costs K,; (Muzalewski, 2010; Gazzarin and Lips, 2013):

K, =K,, +K,, (PLN-year") (1)

K. — maintenance cost,
Ky; — operating costs.

The combined maintenance costs are the sum of depreciation costs K, and insurance
costs K. Dividing the sum of costs by the equipment operating time in the year Wy, uni-
tary cost of machines maintenance per 1 hour was obtained (Muzalewski, 2010; Gazzarin
and Lips, 2013).

K, =K, +K, (PLN-year") (2)
Depreciation expenses are costs of replacement in the value of a particular machine. At

the time of its use by a fixed number of years Ty, the depreciation costs are equal to the
value of total machine market cost C,, (Muzalewski, 2010).

K =g—m (PLN-year™) 3)

a
lat

Insurance costs K, of machines were adopted according to the data provided by the
farmers of the investgated objects.
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The operating costs of equipment were as follows (Muzalewski, 2010):
Kuz = Kr + Kee + Kem + Kn (PLN'year'l) (4)

K, - labor inputs costs, (PLN-year™)

K. - cost of the electricity consumed by machinery and equipment, (PLN-year™)
Kenm — mechanical energy costs, (PLN-year™)

K, —repair costs, (PLN-year")

Labor costs (Muzalewski, 2010):

Kr=N;-Npsp-Cj (PLN-year™) 5)
Nr=n'r-200days +n''s- 165 days (man-hour-year™) (6)
N,  — labor inputs costs, (man-hour-year™)
n’,  — unitary labor inputs in the winter, (man-hour -LU-day™)
n’’,  — unitary labor inputs in the summer, (man-hour -LU"-day™)
C; — labor cost, (PLN-h™")

n’;in’’; = 60 minutes = working hour
Npjpp — number of animals based on the LU

Costs of repair (Muzalewski, 2010):

N\ Cm )
Kn = Z_]:S . (FMJ (PLN-year™) (7)

S=0.6-1.1 factor of the repair costs depending on the machinery or equipment (based on
data from the System of Agriculture Machinery IBMER [Institute for Construction, Mech-
anization and Electrification in Agriculture] (SMR).

k, == v = (PLN-year"LU™) (8)
DJpP

ke — unitary cost of exploitation for feed preparation and discharge
Npjpp — number of animals based on the LU

Research results

Characteristics of the investigated cattle barns were presented in Table 1. Characteristics
of the machines and equipment used in the feeding treatment and their annual use were
presented in Table 2 and Table 3: cumulative results of research with different feed dis-
charge systems, machinery and equipment purchase costs, exploitation costs of equipment
involved in feed preparation and discharge. Table 4 presents labor input for cows feeding
treatment in the investigated barns.
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Table 1
Characteristics of investigated barns
Cattle Herd Length Width
No. . . . . . .
barn maintenance size of feeding corridor of feeding corridor
a system (LU) (cm) (cm)
1 tied-up 44.85 3100 450
2 tied-up 54.4 2400 180
3 tied-up 100 3800 278
4 tied-up 109 6200 330
Table 2

Machinery and equipment utilized for mechanization of feeding in investigated farms

No. Utilized Ye arlhy Amount Replacement
barn machinery Type utl]lzatlf)]l’l (pcs.) value
(h-year™) (PLN)
Tractor Fendt 62 kW 400 1 120 000
Front loader T210 200 1 4000
Silage cutter TU 115 185 1 6 000
1 Feeding fences - 3000 set 10 000
Water bowls - 1500 31 3100
Silo Michat 8t 4000 2 10 000
Total outfit (PLN) 153 100
Tractor DeutzFahr 66 kW 300 1 190 000
Front loader T210 100 1 4 800
Silage cutter - 100 1 11 000
Feeding fences - 3000 set 10 000
2 Water bowls - 1500 19 100
Silo Michat 10 t 4000 1 8000
Feeding robot Pellon 730 1 37 000
Mixer for feed concentrates 2t - 100 1 12 000
Total outfit (PLN) 274 700
Tractor John Deere 80 kW 700 1 150 000
Telescopic loader Deutz Fahr 66 kW 540 1 220 000
Robot of bulky feeds Pellon 800 1 140 000
Stationary feeder of bulky feeds Pellon 10 m’ 120 1 58 000
3 Front loader T261 120 1 5500
Water bowls - 1500 13 1300
Feeding fences - 3000 set 19 000
Silo Michat 10 t 4000 1 8000
Silo Michat 2 t 4000 1 4000
Total outfit (PLN) 610 300
Tractor Ursus 1634; 114 kW 600 1 230 000
Front loader T210 150 1 10 000
Silage cutter - 120 1 8 000
Feeding fences - 3000 set 12 000
4 Water bowls - 1500 54 5400
Silo Pellon 14 m® 4000 1 7 000
Robot of concentrate feeds Pellon 700 1 37 000
Mixing wagon Strautman 9 m’ 550 1 40 000
Total outfit (PLN) 349 400
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Table 3
Methods of feeding systems, evaluation of maintenance and exploitation costs

Replacement value

Maintenance

= Herd of machinery costs Exploitation
s Her
Z size  Methodof  and equipment Kuts costs
° (LU) feed discharge
2 (PLN)  (PLN-LU") (PLN-year') (PLN-year-LU') (PLN-year') (PLN-year-LU™")
1 44.85 Manually 153100 3413.6 12 134.68 270.56 32 946.34 734.59
Robot for
concentrate
2 544 feeds+ manu- 274700 5049.63 21041.35 386.79 41461.51 762.16
al discharge of
bulky feeds
3 100 Robotfor 15300 6103 545074 545.07 62250.5 640.29
bulky feeds
Mixing wagon
4 109 Frobotfor - au9400 320550 2953201 270.93 69302.01 635.79
concentrate
feeds
Table 4
Daily labour input for preparation and discharge of feed in investigated farms
. Utilization of machinery and Numbers of Opc;ratlon Days. of
Operation . time labour input
barn equipment workers . :
(min) (work min)
Silage cutting ?;}uitltsractor with silage cutter 30 30
Feed transportation to barn Fendt tractor with front loader 2 20 20
Feed discharge Hand work 180 180
Total (work min) 2 230 230
Total (work min LU™") 2 5.12 5.12
Silage cutting Deutz Fahr tractor with silage 20 20
cutter
2 Feed transportation to barn Deutz Fahr tractor with front 1 5 5
loader
Refilling of feed in silo Screw conveyor 6 6
Batching of bulky feed Hand work 40 40
Total 1 71 71
Total (work min LU™") 1 1.30 1.30
Silage cutting Telescopic front loader 60 60
Loading stationary feeder .
Pellon with bulky feeds Telescopic front loader 30 30
Refilling of concentrate feed
L Screw conveyor 5 5
in silo
Loading of liquid feed Circulation pump 3 3
3 Downloading feed ingredients 1
by robot Screw conveyor 20 0
(automatically)
Mixing feeds
. Robot Pellon for bulky feeds 40 0
(automatically)
Feed dlsgharge Robot Pellon for bulky feeds 120 0
(automatically)
Total 1 278 98
Total (work min LU™") 1 278 0.98
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Utilization of machinery and Numbers of Operation - Days of

bam Operation equipment workers time labour input
(min) (work min)
Silage cutting Tractor with silage cutter 25 25
Loading of feed wagon Tractor with front loader 20 20
Mixing of bulky feeds Tractor with mixing wagon 35 35
Discharge of bulky feeds Tractor with mixing wagon 25 25
Loading of concentrate
. . Screw conveyor 5 5
4 feeds.mto silo |
Loading of concentrate feed
components into robot Screw conveyor 20 0
(automatically)
Discharge of concentrate
feeds by robot (automatical- Robot Pellon for concentrate feeds 90 0
ly)
Total 1 220 110
Total (work min LU™") 1 2.01 1

Figure 1 presents daily labor input depending on the herd size on the farms under re-
search. Comparative evaluation of investment costs of machinery and equipment for feed-
ing mechanization is shown in figure 2. Summary of the comparative exploitation costs of
machines and equipment for preparation and discharge of feeds in the tested farms is pre-
sented in figure 3.
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Figure 1. Combined daily labor input per LU in investigated farms
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Figure 3. Combined comparative exploitation costs of machinery and equipment for feed-
ing in investigated farms
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Conclusion

The study proves that the use of modern machinery and equipment for feeding leads to
savings in daily labor input and in the cost involved despite the high herd size.

— The cost of machinery and equipment in the investigated cattle barns was varied was
within the range from 3200 to 6100 PLN-LU™, but they dependent on the herd size and
applied mechanization for feed preparation and discharge.

— The highest daily labor input occurred in the cattle barn no. 1 and contained over
5 min-LU". This was due to the fact that the feeding system in this barn was performed
manually and provided by two service persons. The lowest labor input occurred in the
cattle barn no. 3, where, thanks to the use of modern machinery and equipment man-
aged to get the result below 1 man-hour/min-LU™" with the herd size equal to 100 LU.

— The lowest exploitation costs of machinery and equipment were present in barn
no. 4 with a result over 635 PLN-year-LU"', which was the most optimal concerning
the treatment of preparation and discharge of feed in cattle breeding systems.
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ANALIZA KOSZTOW PRZYGOTOWANIA I ZADAWANIA PASZ
W WYBRANYCH OBORACH STANOWISKOWYCH

Streszczenie. W pracy przeprowadzono badania w 4 oborach stanowiskowych o obsadzie 44.85-109
DJP. Przeanalizowano sposoby przygotowania i zadawania pasz w oborach przy wykorzystaniu
maszyn i urzadzen bioracych udzial w zabiegu zZywienia. Dokonano analizy kosztow przygotowania i
zadawania pasz dla bydta mlecznego. Okreslono koszty eksploatacji maszyn i urzadzen w obiektach
inwentarskich oraz sktadowe tych kosztow: koszty utrzymania i koszty uzytkowania, wykorzystanie
roczne maszyn. Okreslono rowniez naktady robocizny, wystgpujace w badanych obiektach inwentar-
skich w zabiegu zywieniu bydta.

Stowa kluczowe: zabieg Zywienia, koszty eksploatacji, naktady robocizny
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Article history: The objective of the article was to show exploitation costs from three
Received: January 2015 cattle barns in a non-litter loose housing system. The method was
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February 2015 factors: technical, technological (mainly energetic and labour), eco-

Accepted: February 2015 nomic (costs of energy, labour, investment). Within technical assess-

ment, the building characteristics was carried out which pertained to
Keywords: the areas of productivity, building, laying and cubage. In order to
energy inputs carry out technological assessment, all methods of mechanization
i‘;{fﬁ;’; ;:’l‘,’; Lrlztf:osts were analysed and as a result, energetic, energy and investment inputs
loose housing were obtained. Exploitation costs of machinery, equipment and cattle

barn buildings were calculated according to the methodology devel-
oped in IBMER [Institute for Construction, Mechanization and Elec-
trification in Agriculture]. The lowest exploitation cost was in a cattle
barn with a traditional “herring bone” milking unit and amounted to
2132.01 PLN-year-LU™. The highest exploitation costs amounting to
2 670.65 PLN-year-LU", were in a cattle barn with one milking robot
and the lowest herd size.

Introduction

Adapting buildings, barns and their equipment to the requirements of animal welfare,
environmental protection, with ensuring production profitability is a necessary condition for
sustainable development in view of the intensification of production (Romaniuk and Mazur,
2014; Mazur, 2012). The overview of literature leads to the conclusion that there are no
studies, which fully describe the problem of impact of the applied solutions on the milk
production costs in non-littered cattle barns, concerning buildings and their equipment with
machinery. The analysis contained the human labour inputs, electrical and mechanical
energy inputs, which constituted the basis for calculation of exploitation costs.

Till now, exploitation costs in agricultural production have been the objectives for stud-
ies carried out by many researchers (Freiberger et al., 2005, Jucherski and Kroél, 2011,
Majchrzak, 2013, Naes et al., 2010, Muzalewski 2010, Naess and Stokstad 2010, Szulc,
2009; Szulc and Markiewicz, 2010). All these publications only describe chosen technolog-
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ical treatments and their costs, but none of them takes into account total exploitation costs
of machinery, equipment and buildings.

The objective of research

The main objective of the performed research was to analyze the influence of techno-
logical solutions in non-littered cattle barns on labour, energy inputs and milk production
costs.

The fragmentary objectives were as follows:

— determination of investment costs of buildings, equipment and machinery for technolog-
ical treatment in milk production such as: milking and milk cooling, preparation of feed
and feed discharge, manure removal, its storage and other works;

— determination of labour input and the mechanization level in milk production, in partic-
ular cattle barns;

— determination of electric and mechanical energy inputs,

— determination of exploitation costs of buildings and equipment for mechanization of all
technological treatments.

The scope of research

Among many solutions three free-stall cattle barns were chosen in view of the possibil-
ity of mechanization and automation of all technological treatments.

The scope of research covered three cattle barns, which jointly met the following input
conditions:

— herd size above 80 LU,

— at least 4" level of mechanization,

— milk yield in herd above 8000 dm® milk in extra class.

In particular, the scope of research consisted of such elements as:

— technical: description of buildings, construction, mechanization of technological treat-
ments in milk production — machinery and equipment, including three robots for milk-
ing, feed scraping and cleaning of slatted floor;

— technological: 1abour inputs, electric and mechanical energy inputs,

— economic: investment costs, electric energy costs, mechanical energy costs, labor costs,
exploitation costs.

Methodology

The field tests were conducted by a direct moderated interview method, a picture of
a working day was taken, and a timing scheme was made. In all buildings the same activi-
ties within a year were performed. Unitary exploitation costs of buildings and equipment
with machinery taking part in mechanization of four treatments were the sum of the unitary
maintenance and use costs. Equations (1) to (3) show the method of calculation of these
costs (Muzalewski, 2010; Gazzarin and Lips, 2013; Gazzarin and Hilty, 2002).
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C (PLN-LU"-year™) (1)

exploitation costs, (PLN- year™)
costs of maintenance, (PLN- year™)
operating costs, (PLN- year™")

number of Livestock Units (Muzalewski 2010, Gazzarin and Hilty, 2013; Gaz-
zarin and Lips, 2002)

Costs of maintenance:

Costs of maintenance (C,, ) were the sum of amortization costs of buildings, machinery

and their insurance (eq.2)

_ Cib Cim b . -1
C,, _?b+2—+c. +C, (PLN-year™) (2)

Tm ms
replacement value of buildings, (PLN)
the assumed stability of the building, (number of years)

insurance costs of building, (PLN-year™)
price (value) replacement of machinery or equipment, (PLN)
the assumed stability of the machinery, (number of years)

costs of insurance of machinery and equipment, (PLN-year") (Muzalewski
2010)

Operating costs:

C, =Co+CP +C"+Cpe+ C"+C, (PLN-year") (3)

operating costs, (PLN-year™)

costs of electrical energy of buildings, (PLN-year™)

costs of repairs in buildings, (PLN-year™)

costs of electrical energy of machinery and equipment for mechanization,

(PLN-year™)
costs of mechanical energy, (PLN-year™)

costs of repair of machinery and equipment, (PLN-year™")

costs of labour inputs, (PLN-year") (Muzalewski 2010)
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Research results

The farms tested were located in Podlaskie (1 cattle barn) and Mazowieckie Voivod-
ships (2 cattle barns). The size of herds was between 83 and 170 LU (Livestock Units). The
milk yield was from 8500 to 9600 liters of milk in extra class. These cattle barns were char-
acterized with at least fourth level of mechanization, i.e. diurnal human labour inputs below
10 working minutes per LU. In two cattle barns milking was conducted by milking robots
(Automatic Milking System or Voluntary Milking System), one of them was equipped with
a traditional dairy room. The milk cooling was provided in milk tanks, which were situated
in milk rooms.

The cattle barns had a separated feeding corridor, on which feed was discharged by
mixer wagons with the use of tractors, forage was in the PMR system (Partly Mixed Ratio).
A supplementary dose of concentrates was provided in milking robots (2 barns) or in
a feeding station (1 barn). The slurry was in deep channels under slatted floor, which was
situated in manure-walking alleys, from which it was periodically pumped out. In all tested
objects cows were in a non-littered area. The characteristic of the investigated farms and

barns concerning the methods of mechanization of particular treatments was presented in
Table 1.

Table 1
Characteristic of investigated cattle barns

Mechanization of treatments: I — milking and milk cooling, II — feeding,

LU III — removing and storing of natural manure; IV — other works
No milk 1 1T 11 v
ofl;arn ylel;i type of feeding waggon, type of manure, power of hoofknife
(dm’) dairy unit — company, capacity/ tractors engine + capacity power/
capacity of power of engine / of slurry spreader swinging brushes
milk cooler the technological line for power
(dm®) concentrates feeding
Hherring Siloking 12 m’/ slurry, deep channels, electrical
1 109 bone” 110 kW/ tractor 56 kW + slurry 0.25 kW
9600 2x5(10) 2 feeding stations, spiral spreader 10m’
7000 transporter, silos 12,5 m’
2 robots RMH 14m’/ slurry, deep channels, electrical
170 Astronaut A4 65 kW/ tractor 117 kW+ slurry  0.25kW/, 3 electri-
2 8500 10000 feeding in two milking robots, spreader 14.2 m® cal
spiral transporter, silos 14 m® swinging cow
and 15 m’ brushes 0.12 kW
robot VMS SEKO 11 m’/ slurry, deep channels, electrical 0,25kW/
83 5000 80 kW/ tractor 90 kW + slurry 2 electrical
3 9500 feeding in milking robot and spreader 12.7 m® swinging brushes
1 feeding station, 0.12 kW

spiral transporter,
silos 8 m® and 10 m’
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Table 2 shows the characteristic of buildings, regarding the area of a building, using,
resting areas, cubage, the type of roof construction and a ventilation system, size of slatted
floor and capacities of slurry channels.

Two barns had the construction of roof founded on columns, the remaining building had
non-columned construction i.e. steel frames. Steel frames although more expensive, are
recommended for objects with width up to 30 meters. Due to this solution there are possi-
bilities for future adaptation of a building in case of further development (Romaniuk et.al.,
2012). Lack of internal partitions in one-room spaced cattle barns causes, that ventilation is
more effective, because there are no partitions which disturb gravitational movement of air,
causing bad exchange of air and worse quality of air. This means, that when we have the
same number of windows and doors, directions of wind and its velocity and geographical
location of buildings, in a building without columns (steel frame construction) there is
much bigger freedom for movement.

Table 2
Building characteristic of cattle barns including: building utilization, production and rest-
ing areas, slatted floor and capacities of channels for liquid manure.

Unitary
ot
§ Construc- Cubage  Ventilation/ y
B . - channels
- tion of air inflow/
g buildings (m*>LU")  air outflow  building using produc-  resting slatted
Z tion (m?)/ floor  (m*LU™")
(m>LU") (m*LU") m*LU") m>LUu")  (m?)
1 One-room gravitational
spaced 39.74 /windows
non- roof ridge 9.38 9.01 7.85 120/1.10 3614 3.95
columned, gap
steel frames
2 Three-room gravitational/
spaced, 7064 adjustable ) 11.64 1098  363.5/33 10948 339
columned curtains/
roof ridge gap
3 Three-room gravitational
spaced, 7443 Jwindows g6 1435 1173 8280099 46172 10.43
columned roof ridge
2ap

Tables 3-6 contain the set of machinery and equipment in investigated barns, including
prices and costs of cattle buildings.
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Table 3
Machinery, equipment and prices set for mechanization of technological treatments, costs
of cattle barn no 1

Treatment Machinery or equipment Price Number Replacement
Cm of value
(PLNpcs.)  pieces (PLN)
,herring bone” 2x5(10) DeLaval 110 000 1 110 000
I milk cooler 7000 dm® 49 000 1 49 000
heater 500 1 500
mixing wagon Siloking 12 m’® 76 000 1 76 000
tractor for mixing wagon Ursus 1614 110 kW 199 348 1 199 348
telescopic, 158 600 1 158 600
self-going loader MLT 627 20 Zoll 74 kW
the technological line for concentrates feeding: 45000  set' 45 000
I spiral transporter, 2 feeding stations, silo
self-locking feed ladder Meprozet Koscian 17300  set' 17 300
drinking bowls with two chambers, 700 2 1400
with constant water level Arntjen
drinking pots with one chamber 520 2 1040
with constant water level
Arntjen
slurry mixer (own production) 4500 4500
tractor for slurry mixer MF 255 (35 kW) 87 200 1 87 200
11 slurry spreader with pump Meprozet Koscian 59 778 1 59 778
10 000 dm’
tractor for slurry spreader 215000 1 215000
hoof knife 350 1 350
v electric aggregate 6 500 1 6 500
Total outfit (PLN) 1031516
Replacement value of building (barn no. 1) (PLN) 824 236
Replacement value of equipment and cattle barn building (PLN-LU™) 17025
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Table 4

Machinery, equipment and prices set for mechanization of technological treatments, costs
of cattle barn no 2.

Replacement Number Replacement

Treatment Machinery or equipment value Cm of value
(PLNpcs.)  pieces  Total (PLN)
milking robot LELY Astronaut A4 350 000 2 700 000
I milk cooler LELY 10000 dm® 140 000 1 140 000
heater 14 000 1 14 000
il mixing wagon RMH 14 m’ 98 400 1 98 400
tractor for mixing wagon SAME 69 kW 105 000 1 105 000
telescopic, self-propelled loader 221400 1 221400
silage cutter 8100 1 8 100
the technological line for concentrates feeding 40 000 set 40 000
(spiral transporter, silos 14 m® and 15 m®)
feed pusher (robot) LELY JUNO 150 NN765 65 700 1 65 700
chambered drinking bowls 2 500 4 10 000
drinking bowls 80 7 560
slurry mixer 16 000 1 16 000
tractor for slurry mixer 69 kW 172 200 1 172 200
m Zlmur}ry spreader with pump for slurry 14 200 120 000 1 120 000
tractor for slurry spreader 117 kW 466 000 1 466 000
robot for cleaning of slatted floor 52200 1 52200
hoof knife 350 1 350
v swinging cow brush LELY 6000 3 18 000
Total outfit (PLN) 2247910
Replacement value of building (barn no.2 ) (PLN) 1 500 000
Replacement value of equipment and cattle barn building no. 2 (PLN-LU™) 22 047
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Table 5
Machinery, equipment and prices for mechanization of technological treatments, of cattle
barn no 3.

Replacement N Replacement
. umber
Treatment Machmery value of value
or equipment Cm . total
(PLN-pcs.’)  P'e® (PLN)
milking robot VMS 400 000 1 400 000
I milk cooler DeLaval 5000 dm’ 55 000 1 55000
heater (with heat recovery) 850 1 850
mixing wagon SEKO 11 m’ 70 000 1 70 000
tractor for mixing vagon SAME Roller
450 60 kKW 120 000 1 120 000
tractor SAME 74 kW 200 000 1 200 000
the technological line for concentrates
I feeding (spiral transporter, 2 feeding stations, 40 000 1 40 000
silos PRO AGRO)
head- loader TUR -6 25 000 1 25 000
feed pusher (robot) LELY JUNO 50 000 1 50 000
chambered drinking bowls 1000 2 2 000
drinking bowls 80 4 320
slurry mixer (own production) 4 000 1 4 000
tractor for slurry mixing SAME 74 kW - - -
I slurry spreader 12 600 dm’ 67 000 67 000
tractor for slurry spreader SAME 74 kW t.he. same for - -
mixing vagon
robot for slatted floor cleaning 64 500 1 64 500
hoof knife 350 1 350
v swinging cow brush DeLaval 6250 2 12 500
Total outfit (PLN) 1111525
Replacement value of building (barn no.3 ) (PLN) 1100 525
Replacement value of machinery, equipment and cattle barn building no. 3 21 169
(PLN-LU™"

Tables 6-8 shows labour and energetic inputs in cattle barns tested. Remarks to tables
6-8: Dvacuum pump, ?milk pump,”heater, Yaggregate, >ventilator, “mixer.

The electric energy for lighting was calculated based on normative 2W per m? of the
building area for animals assuming the “artificial day” duration in months from September
to March from 3 pm to 8 am, and in the remaining days from 6 pm to 6 am.
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Table 6

Labour, electrical and mechanical energy input in cattle barn no 1.

Labour input Energy input

Treatment Activity Process time  Process time (man- mi Energy source on process
. -1, -1 . -1 = -
/process (h'LU -year’)  (h- year") nute- year) (kW) (kWh-year)
TS p p . 7
I milking + dairy unit 12.24 133467 8577500 22075055 4953.05
washing 1.50
milk cooling+ milk 4.0%;0.757;
tank washing 174.13 18 980.00 1825.00 0128 9909.75
1I feed loading 1.83 200.00 12 000.00 74.,20 14 840.00
feed mixing and 275 30000 18 000.00 110.30 33.090.00
discharge
I slurry mixing 0.18 20.00 1200.00 35.30 706.00
slurry pumping out 0.83 90.00 5400.00 77.20 6 948.00
v decornization 2.00 218.00 13 080.00 0.25 54.50
ordering activities,
cleaning the walls 0.11 12.00 720.00 1.75 21.83
/ceiling
lighting - - not appl. - 2 640,09
Total labour per year 138000 - 73 163.22
Daily labour inputs per LU 3.468 - 1.84
Table 7
Labour, electrical and mechanical energy inputs in cattle barn no 2.
Activit Process Process Labour inputs P;?:r of i]in:igo};
Treatment /procves}s/ time time (man- sour%i/ prlz)cess
. -1, -1 . -1 : . -1
(h'LU -year’) (h'year’) minute-year ) (kW) (kWh-year)
milking -2 milking 2.207;
robots+ washing 89.75 8200.00 21717.50 0559 22 550.00
[ 5.00";
milk cooling +washing 2x0.22%
of milk tank 27.06 4200.00 1930.44 2x0.07 ©: 22 932.65
1,207
feed loading 1.17 200.00 12 000.00 58.80 11 760.00
II feed mixing and 2.35 400.00 18 000.00 69.80  27920.00
discharge
feed pushing 2.47 420.00 not appl. 3.67 4964.00
slurry mixing 0.73 124.00 7 440.00 95.60 11 854.40
1 slurry pumping out 0.73 124.00 7 440.00 110.30 13 677.20
slatted floor cleaning 10.74 1 825.00 not appl. 0.17 310.25
decornization 1.66 283.00 16 980.00 0.25 70.75
orderlng, Fleanmg the 0.08 14.57 §74.20 1.75 25.50
v walls/ceiling
lighting notappl.  notappl. not appl. 6105.89
Z\S)vmgmg cow brush- 18.81 not appl. not appl. 3x0.12=0.36 799.45
Total labour per year 84451.70 - 122 970.00
Daily labour inputs per LU 1.36 - 1.98
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Table 8
Labour, electrical and mechanical energy inputs in cattle barn no 3.

Labour

- Power of .
. Process inputs Energy inputs on
.. Process time - energy
Treatment Activity/process ,1 -1 time (man- process
(h-LU -year™) B . source -
(h-year™) minute (kW) (kWh-year™)
~year")
milking + 1 milking 220, 12.309.30
robot, washing (water 89.76 7450.00 29200.00  0.55%;
heating) 2.0
I milk cooling 6.0" 11351.10
(aggregate, 0.75”
ventilator, mixer;), 33.01 4400.00 365000 0.139
water heater) 2.0”
feed loading 1.20 100.00 6 000.00 74 7 400.00
feed mixing and dis- 3.01 250.00 1500000 66 16 500.00
11 charge
feed pushing 5.18 430.00 notappl. 55Ah 1578.10
slurry mixing 0.05 4.00 240 66 264.00
I slurry pumping out 0.96 80.00 4800.00 74 5920.00
slatted floor cleaning 13.19 1095 notappl.  0.165 180.68
decornization 1.66 138 8280  0.25 34.58
orderlng, Fleanmg the 018 14.57 §74.20 1.75 25.50
v walls/ceiling
lighting - - not appl. - 3004.83
swinging cow brushes 24.09 2000.00 notappl.  0.12 240.00
Total labour per year 68044.20 - 58 808.08
Daily labour inputs per LU 2.24 - 1.94

Table 9 presents exploitation costs, table 10 total labour, mechanical and electrical
energy, as well as exploitation costs of buildings, machinery and equipment.

Table 9
Costs of exploitation of buildings, machinery and equipment involved in mechanization of
production processes

Costs Costs Operating  Operatin itati itati
of mainte- of pei at g Upe at g Exploitation Exploitation Total Investment
nance  maintenance (macc(})lsinser ) (b ci(;(siii ) costs costs exploitation costs
No (machinery) (building) y) bu b &) (machinery)  (building) costs C;
of m b cy C Ce™ Ce® C
C C u u e
barn m m
(PLN-year™) (PLN SZ?I (PLI
. -1 -1
-year™) LU LU
1 84894.9 16 744.7 1244628 62869  209357.7 23031.6 232389.4 2132.0 17025.5
2 178166.9 30 400.0 207200.4 11831.7 385367.3 422317 427599.0 2515.3 22 046.5
3 89188.5 22 410.5 101826.7 82383 191015.2 30 648.8 221663.9 2670.7 26651.1
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Table 10
Energetical and electrical indicators of investigated cattle barns
No. of . Unitary Unitary daily Mechanization Unitary daily Unitary
cattle investment . . .
barn costs labour inputs level energy inputs  exploitation costs
PLN-LU") (Man-minute-day'-LU" (kWh-day'-LU") (PLN- year- LU
Yy
1 17 025.52 3.47 A\ 1.838 2132.01
2 22 046.52 1.36 A\ 1.981 2515.28
3 26 651.14 2.24 A\ 1.941 2 670.65
Conclusions

1. The lowest daily labour input was in a barn equipped with two robots for milking, one
robot for feed pushing and cleaning of slatted floor. The highest labour inputs were in
a cattle barn with a “herringbone” 2x5 milking unit (10) and amounted to 3.47 working
minutes per day and per LU — fifth level of mechanization was ensured. The automatic
milking systems could be with all certainty used everywhere, where there are no human
resources for service.

2. A significantly higher investment cost for buildings and their equipment and machinery
for mechanization as well as exploitation costs were observed in cattle barns with
robots, whereas the lowest was in a cattle barn with more livestock (170 LU).

3. The energy inputs calculated for 1 LU per day were the highest in a cattle barn with one
milking robot.

4. The highest exploitation costs of buildings were in a farm with the highest herd size and
with two milking robots. The highest total exploitation costs (regarding buildings and
their equipment with machinery) were in cattle barns with milking robots. Higher
exploitation costs in robotized cattle barns resulted in higher investment costs, but also
higher, compared to other buildings — electric energy inputs.
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ANALIZA EKONOMICZNA OBOR BEZSCIOLKOWYCH

Streszczenie. Celem artykutu bylo przedstawienie kosztow eksploatacji trzech obor w bezsciotko-
wym systemie utrzymania bydla. Metoda bazowala na podej$ciu wielokryterialnym, ktore odnosi si¢
do nastepujacych czynnikow: technicznych, technologicznych (gtéwnie energetycznych i naktadow
pracy), ekonomicznych (koszt energii, robocizny, inwestycji). W ramach oceny technicznej przepro-
wadzono charakterystyke budowlana, ktora dotyczyta powierzchni produkcyjnych, zabudowy, lego-
wiskowych i kubatury. W celu przeprowadzenia oceny technologicznej zostaly przeanalizowane
wszystkie sposoby mechanizacji i jako wynik uzyskano naktady energetyczne i inwestycyjne. Koszty
eksploatacji maszyn, wyposazenia i obor dla bydta obliczono zgodnie z metodologia opracowang
w IBMER [Instytut Budownictwa, Mechanizacji i Elektryfikacji Rolnictwa]. Najnizsze koszty eksplo-
atacji byty w oborze z tradycyjng dojarnia ,,rybia 0¢” i wynosity 2 132.01 PLN-rok™-DJP™'. Najwyz-
sze koszty eksploatacji wynoszace 2 670.65 PLN-rok™-DJP"' byty w oborze z jednym robotem do
dojenia i najwyzsza obsada.

Stowa Kkluczowe: naklady energii, naktady robocizny, koszty eksploatacji, wolnostanowiskowe
utrzymanie
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ARTICLE INFO ABSTRACT
Article history: The objective of the paper was to determine usefulness of a new,
Received: November 2014 prototype pelletizing and briquetting device for the process of bri-
Received in the revised form: quetting waste vegetal material. During research the impact of potato
December 2014 pulp content (15, 20 and 25%) in the mixture with buckwheat husk
Accepted: January 2015 and the mass intensity of raw material flow (100, 150 and 200 kg-h™)
on the demand of a device for power and kinetic strength of the ob-
Keywords: tained briquette were determined. Tests on briquetting were carried
briquetting

out with the use of a flat briquetting matrix with a diameter of meshes
of 28 mm and the length of 80 mm cooperating with the system of
three densifying rolls, which move with the speed of 120 rot-min” and
with the fissure between the rolls and the matrix equal to 0.4 mm. The
quality of briquettes was assessed with the use of a rotating tester
according to recommendations of standards GOST-18691-73 and
ASAE S.269-1A. Based on the research which was carried out,
a significant impact of the mass intensity of raw material flow and the
percentage share of potato pulp in the compacted mixture for the
power demand and kinetic strength of the obtained briquette was
found.

vegetal waste
buckwheat husk
potato pulp

Introduction

In the process of briquetting, loose (crumbled) vegetal material is compacted under ex-
ternal and internal force and the obtained product reaches a determined permanent geomet-
ric form. Most frequently it is in the form of a cylinder with a diameter of 20+100 mm and
length of 30+500 mm. The product (briquette) obtained in the process should have appro-
priate mechanical strength so that during transportation or storing it does not crumble. In
case of fuel briquettes made of plant material, their higher strength, which is the most fre-
quently related to their higher density, results in their better combustion kinetics.

According to many authors (Hejft, 1995; Hejft and Demianiuk, 1999) vegetal waste in
the form of briquettes have many advantages therefore they can be used e.g. for combustion
in many types of furnaces, kinetics of their combustion is similar to combustion of wood
pieces (logs), several times higher density of briquettes in comparison to chips and sawdust

' The article was written as a part of the statute work S/WBiIS/2/2015
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significantly decreases the area of their storing and the costs of transportation, combustion
of briquettes is safe and brings no risk of explosion, briquettes may be exported as organic
fuel with prices higher than coal etc.

Most frequently, wood material waste average in size (chips) and small (sawdust, dust
left after grinding wood) are processed into fuel briquette (Hejft, 2000). However, in the
recent years development of briquetting technology of vegetal waste useful, took place.
Moreover, other waste vegetal materials are used for production of briquettes. These are:
straw briquetted with a rolling method (Adamczyk, 2010; Fiszer, 2008), fodder maize
(Niedziotka et al., 2008), grasses (Karunanithy et al., 2012), waste from production of ba-
nanas (Wilaipon, 2007; Sellin et al., 2013), rice straw (Chou et al., 2009) or rapeseed straw,
wheat straw, meadow straw and Virginia mallow stem (Niedziotka et al., 2011).

According to Demianiuk (2003) on account of a varied "susceptibility" to compaction,
some materials should be mixed with other vegetal material or gluing material (most pref-
erably organic one) should be used. This is confirmed by Oladeji's (2010) research, who
briquetted mixtures of maize cob waste and rice husk or research carried out by Yaman
and co-authors (Yaman et al., 2000), who compacted mixtures of olive oil refuse after pro-
duction and paper mill waste.

There are such waste materials, in case of which production of fuel briquettes is non-
profitable. Thus, for new vegetal material subjected to briquetting, tests should be carried
out in order to determine its susceptibility to compaction, determination of optimal parame-
ters of the compaction process, which will allow obtaining a product with good quality and
will answer the question whether the compaction process is economically profitable.

Objective of the paper

The objective of the paper was to carry out initial evaluation of the usefulness of the
new, prototype pelletizing and briquetting device for performance of the briquetting process
of waste vegetal material or determination of the impact of the potato pulp content in the
mixture with buckwheat husk and mass intensification of raw material flow on the power
demand of the prototype pelletizing and briquetting device and on the kinetic strength of
the obtained briquette.

Methodology of research

A mixture of buckwheat husk and potato pulp constituted the research material subject-
ed to the pelletizing process in the working system of the new, prototype pelletizing and
briquetting device.

Tests with regard to the briquetting process were carried out on the prototype pelletizing
and briquetting device (fig. 1) with the use of a flat matrix (fig.2) with a diameter of meshes
of 28 mm and length of 80 mm cooperating with the system of three compacting rolls.
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b)

Figure 1. Test rigs with new prototype densifying-briquetting device with a flat immovable
matrix: a) scheme of test rigs: 1 — mixing—densifying—dosing system, 2 — drive of mixing—
densifying—dosing drive (electric engine connected to reducer), 3 — feed of raw material to
mixing-densifying-dosing system, 4 — mounting frame for mixing-densifying-dosing system,
5 — batch of initially compacted raw material to working system of pelletizer, 6 — working
system of pelletizer, 7 — discharge of pellets from working system, 8 — drive of pelletizer
(electric engine), 9 — clutch, 10 — measuring torque Mi20, 11 — toothed gear, 12 — base,
13 — frequency converter, 14 — batcher, 15 — drive of batcher (electric engine connected to
reducer), 16 — index of rotational moment and force WT-1, 17 — device for measuring
active power METROL KWS 1083, 18 — recorder Spider 8, 19 — PC computer b) view of
test rigs
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Innovativeness of a device is related to a new solution of a dividng material device to
the working system of a pelletizer, with introduction in the mixing-densifying-dosing de-
vice to the working system of a pelletizer and with the use of a densifying-briquetting ma-
trix.

Figure 2. Brigetting matrix with diameter of meshes of 28 mm and length of meshes
(sleeves) 80 mm

Drive of the pelletizer 6 is composed of the electric engine 8 from which torque was
transferred to the pelletizer shaft 6 through the system of two clutches 9 (between which the
measuring torque 10 is mounted) through the conic toothed gear 11. For regulation of
torque of the pelletizer shaft 6 the frequency converter 13 coupled with the electric engine 8
was used.

Feeding the compacted raw material to the working system of the pelletizer 6 was en-
sured by the use of the screw batcher 14, the drive of which 15 is made of the electric en-
gine combined with a reducer. The screw conveyor 14 is also equipped with a frequency
converter, which enables the change of the fed raw material to the working system of the
pelletizer 6. From the screw conveyor, raw material gets through the feed 3 into the mixing-
densifying-dosing system 1. The driveline of the mixing-densifying-dosing device 1 con-
sists of the electric engine 2 from which the drive is transferred through the chain transmis-
sion onto the shaft of the mixing-densifying-dosing device 1. From the mixing-densifying-
dosing device 1 raw material gets to the working system of the pelletizer 6.

The test rigs was equipped with a universal measuring device for measurement of the
power demand of the device 17 in the indicating device of the torque and force 16 (WT-1
type) and the recorder 15 clutched with a computer 19. Signals from the measuring tool of
the power demand of the device 17, from the indicator of torque and force 16 were trans-
mitted to the recorder 18 in the form of binary flies, which were subjected to further pro-
cessing in Statistica 10.0 PL.
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During the research, the impact of the potato pulp content (15, 20 and 25%) in the mix-
ture with buckwheat husk and the mass intensity of raw material flow (100 kg-h™, 150 kg-h™!
and 200 kg-h™) on the demand of a device for power and for the kinetic strength of the
obtained briquette were determined. Tests were carried out at the rotational speed of com-
pacting shafts equal to 120 rot-min™ and at the fissure between the shafts and the matrix of
0.4 mm.

The quality of briquettes was assessed at the test rigs for measurement of the kinetic
strength with the use of a rotating tester according to the recommendations of standards
GOST-18691-73 and ASAE S.269-1A. During the test 10 randomly selected briquettes
with a similar mass were fed to the chamber (£10%). The test was carried out within three
minutes with the velocity of 13 rot-min™'. Relation of the mass of briquettes after the test to
the mass of briquettes before the test (expressed in %) determined the kinetic strength of
briquettes.

Moisture of the mixture components and mixtures of the tested waste were determined
according to PN-EN 14774-1:2010 with the use of a moisture meter WPE 300S, determin-
ing each time moisture of five samples with mass of 5 g, which were dried in the tempera-
ture of 105°C to the moment a fixed mass was obtained. Average value from the obtained
determinations was assumed as the final result of moisture.

Results of the research

Table 1 presents the research results of the compaction process of the mixture of buck-
wheat husk with potato pulp on the new, prototype densifying-briquetting device with a
flat, immovable briquetting matrix.

Table 1
Research results of compaction process of mixture of buckwheat husk with potato pulp on
new prototype densifying-briquetting device with the use of a briquetting matrix

X; Independent variables Dependent variables
Power Unit energy Kinetic strength

No. X1=Zy xX=Qn demand of device consumption of briquette
of mea- (%) (kgh™) N, of process E; Pax
surement (kW) (kWh-t™") (%)

1 15 100 6.01 60.10 94.50

2 15 150 8.21 54.73 93.95

3 15 200 11.37 56.85 93.01

4 20 100 5.01 50.10 92.10

5 20 150 7.89 52.60 92.10

6 20 200 8.69 43.45 89.82

7 25 100 3.95 39.50 83.40

8 25 150 493 32.87 81.60

9 25 200 5.19 25.95 77.60

z,, — content of potato pulp in mixture; Q,,— mass intensity of raw material flow
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Figure 3 presents a graphic interpretation of the obtained results of research on the im-
pact of the potato pulp content in the mixture with buckwheat husk and mass intensity of
raw material flow on the power demand of the device during compaction of the mixture of
buckwheat husk and potato pulp with the use of a briquetting matrix.

iy ST o TRER JEE

Figure 3. Impact of the potato pulp content in the mixture of buckwheat husk and mass
intensity of raw material flow on power demand of pelletizer

Based on the research (fig. 3 and table 1) it was found out that increase of the mass in-
tensity of raw material flow from 100 to 200 kg-h™ causes the increase of the power de-
mand of the engine which drives the device during compaction process of the mixture of
buckwheat husk and potato pulp. Whereas increase of the potato pulp content from 15 to
25% in the mixture with buckwheat husk caused decrease of the power demand value of the
device. For example, the increase of the mass intensity of raw material flow from 100 to
200 kg-h™, at 15% of the potato pulp content in the mixture with buckwheat husk causes the
growth of power demand of the engine which drives the device by approx. 89% (from 6.01
to 11.37 kW), at 20% of the pulp content in the mixture with buckwheat husk results in the
growth on the power demand by approx. 73% and at the 25% pulp content in the mixture
with buckwheat husk — growth of demand was approx. 31%.

The obtained decrease of power demand of the pelletizer results mainly from a consid-
erable growth of mixture moisture caused by the increase of the potato pulp content from
15 to 25%. Moisture of the compacted mixture increased from 18.63% (at 15% pulp con-
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tent in the compacted mixture) to 26.23 % (at 25% of the pulp content in the compacted
mixture). Increase of the pulp content in the compacted mixture caused formation of higher
amounts of binder (in the form of viscous liquid from starch and moisture) during pelletiz-
ing. The growing content of viscous liquid caused the effect of "smearing" of the surface of
meshes in the matrix of a pelletizer and decrease of the pressing resistance. Reduction of
pressing resistance allowed as a consequence decrease of the value of power demand of

a pelletizer. It is confirmed by other tests carried out for the mixture of oat bran and potato
pulp (Obidzinski and Hejft, 2013).
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Figure 4. Impact of potato pulp content in mixture of buckwheat husk and mass intensity of
raw material flow on the unit energy consumption of compaction process

The research, which was carried out (fig. 4 and table 1) allow stating that the increase of
both mass intensity of flow of raw material from 100 to 200 kg-h™, as well as the increase
of the potato pulp content from 15 to 25% in the mixture with buckwheat husk causes also
decrease of the unit energy consumption of the compaction process.

Figure 5 presents results of research on the impact of the potato pulp content in the mix-
ture with buckwheat husk and mass intensity of raw material flow on the kinetic strength of

briquette obtained during compaction of the mixture of buckwheat husk and potato pulp
with the use of a briquetting matrix.
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Results of the research (fig. 5 and table 1) allow stating that both the increase of mass
intensity of flow of raw material from 100 to 200 kg-h™', as well as the increase of the pota-
to pulp content from 15 to 25% in the mixture with buckwheat husk causes also decrease of
the kinetic strength of briquette. For instance, the increase of the mass intensity of raw
material flow from 100 to 200 kg-h™" (at the potato pulp content of 15% in the mixture with
buckwheat husk) caused decrease of the kinetic strength of briquette from 94.5% to 93.01.

Decrease was higher than the potato pulp content which was 25% in the mixture with
buckwheat husk because the kinetic strength dropped from 83.4 to 77.6%.
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Figure 5. Impact of potato pulp content in mixture of buckwheat husk and mass intensity
of raw material flow on kinetic strength

Based on the research which was carried out, it may be stated that the potato pulp

addition up to approx. 20% to buckwheat husk allows obtaining briquette of a satisfactory
quality.
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Conclusions

1. The research which was carried out confirmed that the new, prototype pelletizing —
briquetting device was useful for the process of briquetting waste vegetal material.

2. Increase of the mass intensity of flow of raw material from 100 to 200 kg-h™ caused the
increase of the power demand of the engine which drives the device during the compac-
tion process of the mixture of buckwheat husk and potato pulp even by approx. 89% (at
15% of the potato pulp content in the mixture with buckwheat husk from 6.01 to 11.37
kW) whereas the decrease of the content of potato pulp from 15 to 25% in the mixture
with buckwheat husk caused the decrease of the value of power demand of the device to
approx. 35% (from 6.01 to 3.95 kW at the mass intensity of flow of 100 kg-h™).

3. The increase of the mass intensity of flow of raw material from 100 to 200 kg-h”', as
well as the increase of the potato pulp content from 15 to 25% in the mixture with
buckwheat husk causes also decrease of the unit energy consumption of the compaction
process.

4. The increase of the mass intensity of flow of raw material from 100 to 200 kg-h™, as
well as the increase of the potato pulp content from 15 to 25% in the mixture with
buckwheat husk causes also a slight decrease of the kinetic strength of briquette ob-
tained from the mixture of buckwheat husk and potato pulp.
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BRYKIETOWANIE MATERIALOW ODPADOWYCH
W PROTOTYPOWYM UKLADZIE GRANULUJACO-BRYKIETUJACYM

Streszczenie. Celem pracy bylo okreslenie przydatnosci nowego, prototypowego urzadzenia granulu-
jaco-brykietujacego do realizacji procesu brykietowania odpadowych materialow roslinnych.
W trakcie badan okreslano wptywu zawartos$ci wycierki ziemniaczanej (15, 20 1 25%) w mieszaninie
z tuska gryki i masowego natezenia przeptywu surowca (100, 150 i 200 kg-h™) na zapotrzebowanie
urzadzenia na moc oraz na wytrzymatos¢ kinetyczng otrzymanego brykietu. Badania brykietowania
przeprowadzono z wykorzystaniem plaskiej matrycy brykietujacej o s$rednicy otworéow 28 mm
i dlugosci 80 mm wspolpracujacej z uktadem trzech rolek zaggszczajacych, poruszajacych sig
z predkoscig 120 obr-min™ oraz przy szczelinie miedzy rolkami a matryca rownej 0,4 mm. Jako$é
brykietow oceniono z wykorzystaniem testera obrotowego, zgodnie z zaleceniami norm GOST-
18691-73 oraz ASAE S.269-1A. Na podstawie przeprowadzonych badan stwierdzono istotny wptyw
masowego natezenia przeptywu surowca oraz udzialu procentowego wycierki ziemniaczanej
W zaggszczanej mieszaninie na zapotrzebowanie na moc oraz wytrzymato$¢ kinetyczng otrzymanego
brykietu.

Stowa kluczowe: brykietowanie, odpady roslinne, tuska gryki, wycierka ziemniaczana
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Received: May 2014 tion and sowing units used in various systems of soil cultivation. The
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November 2014 tion units and cultivation and sowing units on working resistance
Accepted: December 2014 including diversity of previous cultivation systems. Properties of soil
on the analysed fields, where different cultivation system was used,
Keywords: was characterised with the use of physical and mechanical properties
cultivation unit of soil such as: moisture, compactness and maximum shear stress.

working resistance
cultivation
speed of the unit

Working resistance was determined for: a stiff tine cultivator, a disc
harrow and a cultivation and sowing unit used in the direct sowing
technology. Working depth was determined for all units as equal to
0.05 m. Measurements of working resistance were carried out with the
use of two tractors connected with a haul, where strain gauge force
transducer was mounted. Significant impact of the used unit and
working speed was determined, whereas no impact of the previous soil
cultivation system on the measured working resistance was reported.

Introduction

The issue of reducing the costs of farming equipment maintenance has gained greater
and greater importance in recent years. Commercial success is reserved only for those
farms that are able to offer high-quality goods for a competitive, that is lower, price. There-
fore, the reduction of farming equipment maintenance costs, as well as losses related to
such maintenance, poses a challenge to the national agricultural industry.

The primary source of implemented savings stems from the elimination of individual
cultivation treatments, which leads to the energy outlay reduction and, therefore, financial
savings. According to Vilde (2003), when one resigns from ploughing, one can reduce the
outlay even by six times. The higher energy consumption of traditional ploughing cultiva-
tion, when compared with the simplified non-ploughing technology, was confirmed by such
authors as Gonet (1991), Heyland et al. (1997), Roszkowski (1980) and Krysztofiak et al.
(1996). The departure from traditional cultivation system with the use of a plough towards

117



K. Pieczarka, K. Lejman, Z. Owsiak, L. Kordas

simplified systems caused that the cultivator has become the main tool employed in these
systems. This resulted in the increased interest in research concerning both agro-technical
effects and energy consumption of treatments employing exactly this tool in the cultivation
system (Przybyt et al., 2009; Safec and Satec, 2003; Sahu and Raheman, 2006; Talarczyk
and Zbytek, 2006; Zbytek, 2010). The research conducted so far allows one to state that the
essential unit maintenance factors in the mechanical soil cultivation that affect their re-
sistance are, for example, depth of cutting with tools and working speed of the units
(Lejman and Owsiak, 2001; Owsiak et al., 2006). It was also shown that such resistance
was directly determined by soil condition described with the use of its physical and me-
chanical properties. One may, therefore, ask the question how long-term use of simplified
soil cultivation systems affects its physical and mechanical properties, and how it will im-
pact the working resistance of tools used for working in the soil cultivated in such systems.
In the relevant literature there are no studies concerning working resistance of tools used
for working in the soil cultivated in various systems, so the authors attempted to analyse
this issue.

Objective of the paper and methodology

The objective of the paper is to determine the impact of speed of cultivation units and
cultivation and sowing units on working resistance, with consideration given to diversifica-
tion of previous cultivation systems.

The research was conducted on a farmland plot of 6.6 hectares, divided into three
research fields of equal surface area. The experiment started in 2007, and for three consecu-
tive vegetation periods various soil cultivation systems were used on every field, as charac-
terised in Table 1.

Table 1
The list of agro-technical treatments and the used machines for particular cultivation
systems

o Traditional Simplified Direct
Distinction . R .
cultivation cultivation sowing
C i kimming — F i
rop re§1due S imming — Farmet stiff No No
cultivation tine cultivator
Ploughing — Kverneland
Pre-sowing EM 100 plough with Cultivation — Farmet
cultivation Packomat § stiff tine cultivator No
Cultivation — Farmet stiff
tine cultivator
. Kockerling Ultima cultiva- Kocke'rlm'g Ultima Kocke'rlm'g Ultima
Sowing . . . cultivation and cultivation and
tion and sowing unit . . . .
sowing unit sowing unit
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The experiment involved the implementation of crop rotation of winter wheat, spring
barley, and winter rapeseed on every field.

The working resistance of three cultivation units and one cultivation and sowing unit
was measured in 2010 after the rapeseed harvest on the intact stubble in separate crossings
for every unit repeated three times. The research was conducted for the Farmet stiff tine
cultivator with the working width of 3 metres, Becker stiff tine cultivator with the working
width of 4.5 metres, Strom disc harrow with the working width of 4 metres, and Kdckerling
Ultima cultivation and sowing unit with the working width of 4 metres. During the research
three unit speeds were employed at 1.1 m's™; 2.2 m's™; 3.3 m's™. In order to obtain compa-
rable research conditions, the working depth for all units was set at 0.05 m due to the fact
that this is the maximum value applicable to Kdckerling Ultima seed metering drill for
direct sowing.

The research was conducted in soil classified as very good rye complex with Illa valua-
tion class. The granulometric composition of the soil was determined according to the PN-
R-04032 standard; the soil was classified as light clay. The soil humidity was determined
according to the ISO11461:2001 standard at 12.5%. The mechanical properties of the soil at
individual fields where various cultivation systems were used were characterised with the
help of maximum shear stress in the layer of 0.00+0.15 m and compactness in the layer of
0.00+0.20 m. Despite the fact that the working depth of units for research purposes was set
at 0.05 m, it was decided to measure the mechanical properties of the soil for higher values
in order to describe the changes taking place as a result of long-term use of various cultiva-
tion systems in greater detail. In order to determine the maximum shear stress the VANE
H-60 shear vane by Eijkelkamp was used. The measurements were made for the following
depths: 0.00+0.05; 0.05+0.10 and 0.10+0.15 m. The authors calculated the arithmetic mean for
the received measurements. The compactness was measured with the use of cone penetrometer
with electronic recording of penetration resistance and depth employing a cone with the base
area of 0.0001 m” and the apex angle of 60°; the penetration speed was set at 0.03 m's™.

The working resistance was measured with the use of two Fendt 820 tractors connected
with a haul, where strain gauge force transducer was mounted (Fig. 1).

Figure 1. Measurement of the working resistance of a unit with a pulling method

119



K. Pieczarka, K. Lejman, Z. Owsiak, L. Kordas

The speed adopted for research purposes was maintained by programming it in the TMS
systems fitted in the tractors. The unit working resistance was calculated by deducting the
pulling resistance force of the support tractor (determined with additional measurements)
from the measured values.

Research results and their analysis

The results of conducted measurements of mechanical properties of the soil are present-
ed in table 2. Traditional cultivation is characterised by the lowest values in terms of both
compactness and maximum shear stress, which stems from the conducted cultivation treat-
ments loosening the soil. The simplification of the cultivation system results in the in-
creased values of mechanical parameters of the soil.

Table 2
Values of maximum shear stress and soil compactness
Traditional Simplified Direct
cultivation cultivation sowing
Maximum shear stress (kpa) 38 45 48
Compactness (MPa) 1.11 1.45 1.63

Figure 2 presents the unit values of working resistance of units at the speeds adopted for
research purposes and measured at the field where traditional cultivation system was used.
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Figure 2. Values of unit working resistance measured on the field where traditional cultiva-
tion system was applied
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The highest value of unit working resistance was observed for the Becker cultivator
(6360 N-m™ for the speed of 3.3 m's™), whereas the lowest value was noted for the disc
harrow (2140 N-m™ for the speed of 1.1 m-s™). Similar values of unit resistance were found
for the Farmet cultivator and the Ultima seed metering drill, when working at analogous
working speeds. The increase in working speed for every analysed unit always led to the
increase in unit working resistance. When the speed was increased from 1.1 to 3.3 m-s™, the
greatest resistance growth was observed for the Farmet cultivator at 2311 N-m™', which
corresponded to the rise of 69%, while the lowest growth was noted for the Ultima seed
metering drill at 1821 N-m™, which accounted for 52%.

The values of unit working resistance of units measured on the field where a simplified
cultivation system was applied is presented in Figure 3.
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1500 . i ]
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1,1 ms! ®m22 ms! m33 ms!

Figure 3. Values of unit working resistance measured on the field where a simplified
cultivation system was applied

Similarly to the traditional cultivation system, the highest value of unit working re-
sistance was measured for the Becker cultivator (6284 N-m™ at the speed of 3.3 m's™),
while the lowest value was noted for the disc harrow (2137 N-m™ at the speed of 1.1 m's™),
as shown in Figure 3. At the speed of 1.1 m's™, the greatest resistance of 3755 N-m™ was
measured for the Ultima seed metering drill. In comparison to the Farmet cultivator, higher
values of unit resistance were found for the Becker cultivator, similarly as in the traditional
cultivation system. The increase in working speed for every analysed unit always led to the
increase in the unit working resistance. When the speed was increased from 1.1 to 3.3 m's™,
the greatest growth of resistance was measured for the Farmet cultivator at 2715 N-m™,
which corresponded to the resistance rise of 97%, while the lowest growth was noted for
the Ultima seed metering drill at 1280 N-m™, which accounted for 34%.
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Figure 4 shows the values of unit working resistance of units for the working speeds
adopted for research purposes, when measured in the direct sowing system.
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Figure 4. Values of unit working resistance measured in the direct sowing system

When analysing the values presented in Figure 4, similarly to the traditional and simpli-
fied systems, one can state that the higher value of unit working resistance was measured
for the Becker cultivator (6331 N-m™ at the speed of 3.3 m's™), whereas the lowest value
was noted for the disc harrow (2135 N-m™ at the speed of 1.1 m's™). At the speed of 1.1
m-s” the highest resistance of 3755 N-m™" was measured for the Ultima seed metering drill.
In comparison to the Farmet cultivator, the values of unit resistance for the Becker cultiva-
tor were higher, similarly to other analysed cultivation systems. The increase in the working
speed for every analysed unit always led to the increase of unit working resistance. When
the speed was increased from 1.1 to 3.3 m's™, the highest resistance growth was observed
for the Farmet cultivator at 2548 N-m™', which corresponded to 85%, while the lowest
growth was noted for the Ultima seed metering drill at 1689 N-m™, which accounted for
45%.

Figure 5 presents the values of unit working resistance of units for the analysed cultiva-
tion systems at the working speed of 2.2 ms™.

The values of unit working resistance measured for the disc harrow in individual culti-
vation systems were nearly identical (the difference is 5 N-m™), as shown in Figure 5. In
the context of analysed cultivators and Ultima seed metering drill, the lowest resistance
values were measured in the simplified technology, while the highest values were observed
with traditional technology used.
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Figure 5. Values of unit working resistance of units for the analysed cultivation systems at
the working speed of 2.2 m-s™

In order to determine the impact of analysed factors on the values of unit working re-
sistance, the research findings were subjected to statistical analysis with the use of Statistica

9.0 package. The results of the conducted multi-factor analysis of variance are presented in
Table 3.

Table 3
Results of multi-factor analysis of variance — coefficient of significance a
Independent
variable Unit Cultivation Working
Dependent type technology speed
variable
Unit working 0.0002* 0.9199 0.0001*
resistance

* with significant effect at the level of a=0.05

The conducted analysis indicated a considerable impact of the type of used unit and the
working speed on the value of unit working resistance. On the other hand, no relevant im-
pact of the cultivation system was found. The NIR homogeneous group test was also con-
ducted. As a result of test conducted for the unit type, two homogeneous groups were
found: 1 — disc harrow, 2 — Ultima seed metering drill, Farmet and Becker cultivators.

Conclusions

1. Long-term use of various cultivation systems does not significantly affect the value of
the generated unit working resistance of the analysed cultivation units and cultivation
and sowing units for the working speeds adopted for research purposes.
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2. The increase in the working speed of the unit leads to the increase in the unit working
resistance, regardless of the previously used cultivation system, and the greatest growth
of resistance was noted for the Farmet cultivator and the lowest for the Ultima seed me-
tering drill.

3. At the working speed of 2.2 m's” the highest values of unit working resistance were
measured for the Becker cultivator, while the lowest were noted for the disc harrow, re-
gardless of the previously used cultivation system. As far as other speeds adopted for
research purposes, the values of unit working resistance were similar for individual cul-
tivation systems.
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WPLYW PREDKOSCI AGREGATU UPRAWOWEGO I UPRAWOWO-
SIEWNEGO NA OPOR ROBOCZY W ASPEKCIE WIELOLETNIEGO
STOSOWANIA ODMIENNEGO SYSTEMU UPRAWY GLEBY

Streszczenie. Przedstawiono wyniki badan oporéw roboczych agregatow uprawowych i uprawowo-
siewnych stosowanych w zréznicowanych systemach uprawy gleby. Celem badan bylo wyznaczenie
wplywu predkosci agregatow uprawowych i uprawowo-siewnych na opory robocze z uwzglednie-
niem zréznicowania systemow upraw poprzedzajacych. Whasciwosci gleby na analizowanych polet-
kach, na ktoérych stosowano odmienny system uprawy scharakteryzowano za pomoca wybranych
wlasciwosci fizyczno-mechanicznych gleby takich jak: wilgotno$¢, zwigztos¢ oraz maksymalne
naprezenia $cinajace. Wyznaczono opory robocze dla: kultywatora o zgbach sztywnych, brony tale-
rzowej oraz agregatu uprawowo-siewnego stosowanego w technologii siewu bezposredniego. Glebo-
kos¢ robocza ustalono dla wszystkich agregatow rowna 0,05 m. Pomiary oporéw roboczych wykona-
no przy pomocy dwoch ciagnikdw potaczonych holem, w ktérym zamontowano tensometryczny
przetwornik sity. Stwierdzono istotny wplyw zastosowanego agregatu i predkosci roboczej, nie
stwierdzono natomiast wptywu poprzedzajacego systemu uprawy gleby na zmierzony opdr roboczy.

Stowa kluczowe: agregat uprawowy, opor roboczy, uprawa, predkos¢ agregatu
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Received: December 2014 vertical plane. The presented system is protected by patent law. The
Received in the revised form: article shows, inter alia, the idea and principle of operation of the
January 2015 stabilization system of the sprayer boom which uses the centre of
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tabilizati t b . e
stabilization system of sprayer boom was to develop a system that ensures a satisfactory level of stabiliza-

tion of a boom and maintaining acceptable production costs. The
presented solution is prepared for realization and for carrying out field
research.

Introduction

Effectiveness of chemical plant protection depends on many factors. A biological result
is obtained at maintenance of the appropriate type, dose, time limit and conditions of the
treatment. An incorrect method of spraying often results in unavailability of the planned
effect. It often happens that the spraying treatment is carried out on fields with considerably
uneven surface. Such surface causes, inter alia, fluctuations of a sprayer boom in the verti-
cal plane, which results in irregular deposition of working liquid on sprayed plants
(Lipinski et al., 2011). On the sprayed area which corresponds to the working width of
a sprayer both deposition of too high amount of liquid, namely, its "overdosing" as well as
deposition of too low amount of liquid, namely its "underspraying" may take place. Both
cases are undesired and the simplest way to avoid them is to ensure that during the spraying
treatment a sprayer boom is constantly parallel to the sprayed surface of plants
(Hotownicki, 2005; Szulc, 2011; Szewczyk et al., 2010).

Participant of the project "Grants for doctorates of the Podlaskie Voivodeship", co-funded as
a part of the Operational Programme Human Capital, Measure 8.2. Knowledge transfer, Sub-
measure 8.2.2 Regional Strategies of Innovations from the funds of the European Social Fund, state
budget and budget means of the Podlaskie Voivodeship
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In order to eliminate unfavourable phenomenon, which is fluctuation of a sprayer boom
during spraying, stabilizing systems embodied in the structure of sprayers are used. The
stabilization systems of a sprayer boom used in sprayers are based on two basic structural
systems: a trapezoid and fluctuation (Anthonis et al., 2005; Lipinski et al., 2011; Poptawski
and Szulc, 2010). Regardless their structure, they are used to limit the boom movements,
mainly in the vertical plane. Generally, it should be stated that stabilization of a sprayer
boom of a sprayer during its operation is not easy and systems used for this purpose are
frequently based on complex technical solutions with a complicated structure and are ex-
pensive in realization. It often happens that their value exceeds the cost of the remaining
structure of a sprayer.

It forces to search for new solutions, optimal in the context of compromise between the
quality of stabilization and costs of making the system. Hence the inspiration to undertake
this issue and the attempt to develop a new structure of the stabilization system of a sprayer
boom.

The paper shows basic solutions applied in order to stabilize a sprayer boom and a pro-
posal of a new, innovative, mechanical stabilization system of sprayer boom position in the
vertical plane was presented.

Objective and scope of the study

The objective of the paper was to present the problem concerning a correct way of lead-
ing a sprayer boom over the sprayed objects and discussion on commonly applied stabiliza-
tion systems of a sprayer boom. Based on the analysis of the existing solutions, a new sys-
tem that improves stability of a sprayer boom dedicated for small farms, description of
which constitutes a basic content of the article, has been described. The presented system
was granted patent protection (Lipinski and Sobotka, 2014).

Stabilization systems of a sprayer boom

Operations of the systems which are used for stabilization of a sprayer boom are based
on the fundamental physics law. There are two basic structures of stabilization systems.
Pendulum systems (fig. 1a) work on one pull rod and joint, whereas trapezoid ones (fig. 1
b) on two pull rods and four joints. A sprayer boom returns to balance under the influence
of gravitational force.

Both methods are the simplest in structure and operation. Such a structure favours un-
controlled movements which could unfavourably influence the quality of the treatment.
Particularly in sprayers with the boom length exceeding 10 m, correct leading of a boom
over the sprayed objects is considerably impeded. In such cases, more complex systems are
used, which aim at the correction of sprayer boom vertical and horizontal deflection. Stabi-
lization systems differ with the place and manner of use and are divided into systems which
use only passive elements such as shock absorbers or stabilizing springs (Kaminski and
Kruk, 2012; Kennes et al., 1999; Rahman et al., 2011), and systems with active elements
such as e.g. servomotors controlled based on signals from electronic (most frequently ultra-
sound) distance sensors (Deprez et al., 2002; Jeon et al., 2004; Tahmasebi et al., 2012).
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Figure 1. Pendulum (a) and trapezoid (b) stabilization system of a sprayer boom

Regardless the approach, the aim is to always maintain the distance of sprayers from the
sprayed plants, because such location of a sprayer boom allows obtaining the highest quali-
ty treatment (Szulc, 2011).

Description of the new stabilization system of a sprayer boom

The control system of the sprayer boom leading, which has been shown in figure 2, is
a passive system. The basis of the developed solution is the use of the centre of gravity and
the force of gravity. In order to keep the boom perpendicularly to the surface (of sprayed
plants) connectors and flat bars were used. The leading system of a boom consists of the
main frame of a sprayer (1) where a rotation axis is mounted stiffly (2). A sprayer boom
frame (3) is suspended on the rotation axis. The rotation axis is mounted in the centre of
gravity of the main frame and goes through the centre of gravity of the beared frame of
a sprayer boom. On the frame of a sprayer boom there are plugs mounted (4) where arms of
a sprayer boom are suspended: left (5) and right (6). Internal ends of the boom arms are
connected to leading levers (7) with a lever connector (8), mounted on the axis through
cylindrical gum shock absorbers (9).

A stable balanced position of the sprayer boom suspended frame is guaranteed by the
use of additional leading elements, i.e. levers, which influence directly the sprayer boom
arms. Connection of the axis with a leading connector through cylindrical gum shock ab-
sorbers eliminates direct vibrations.

The presented stabilization system is equipped with the connection system which en-
sures stable position of sprayer boom arms when a sprayer is in the rest state as well as
correct lead of the sprayer boom arms during operation of a sprayer. Operation of the stabi-
lization system depends on the position of a sprayer towards the field surface. Each deflec-
tion of a sprayer from the parallel surface of a field should be immediately and automatical-
ly corrected on the sprayer boom arms.

In order to know the operation of the system better, a case was described when left
wheels of a sprayer meet an obstacle in the form of a furrow: a sprayer will deflect from the
parallel position and the rotation axis will automatically turn left in the sprayer boom frame.
The pressure made by a leading connector, will turn the left arm of the field boom in the
vertical plane by such an angle as defection of the entire unit.
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Figure 2. The stabilization system of a sprayer boom - view from the back in the spread
position along with an enlarged A detail: 1 — main frame of a sprayer, 2 — rotation axis,
3 — sprayer boom frame, 4 — plugs, 5 — left arm of sprayer boom, 6 — right arms of sprayer
boom, 7 — leading levers, 8 — lever connector, 9 — gum shock absorbers.

Analogically, the right arm of a sprayer boom will drop in the opposite direction to the
arm of a boom so that the entire boom is positioned parallel to the surface of a field (fig. 3).
It means automatic correction of the boom position. In case, a tractor drives with its right
wheels into a furrow, the system will act identically but in the reverse order.

Figure 3. Operation of the stabilization system after left wheels of a tractor drive into
a furrow
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Summary and conclusions

The presented system is a modern technical solution, which ensures stabilization of
a sprayer boom suspended on a tractor in case it meets obstacles during spraying. For this
purpose, the suspension system of a sprayer boom in the centre of gravity was applied. It
uses deflection of the unit towards the deflection of the relevant side of a sprayer boom.
The presented system is a typical mechanical solution, relatively simple in its structure,
which reacts directly when a sprayer meets obstacles. The system may be used in suspend-
ed sprayers dedicated for smaller farms. The suggested solution includes vertical move-
ments of a sprayer boom, which result from the change of angle from the horizontal position of a
sprayer. However, it does not include side horizontal movements. Work is carried out to con-
struct a prototype of the described solution. Further, research aiming at assessment of the effec-
tiveness of operation of the stabilization system in field conditions is planned.

An estimated cost of production of a prototype stabilization system of a sprayer boom is
approximately five thousand PLN and includes costs of purchase of materials and construc-
tion of the stabilization system of a sprayer boom ready to be mounted on a field sprayer.
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NOWA KONSTRUKCJA UKLADU STABILIZACJI BELKI POLOWEJ
OPRYSKIWACZA ZAWIESZANEGO

Streszczenie. W pracy opisano nowy uktad stabilizujacy belke polowa opryskiwacza w plaszczyznie
pionowej. Zaprezentowany uklad jest chroniony prawem patentowym. Artykul pokazuje m.in. ideg
i zasade dzialania uktadu stabilizacji belki polowej, wykorzystujacego $rodek ciezkosci ramy belki
polowej zawieszonej na ulozyskowanej osi opryskiwacza. Kat wychylenia ramion belki polowej
uzalezniony jest od wysokosci/glebokosci przeszkody napotkanej przez kota ciagnika. Uktad stabili-
zacji przeznaczony jest do zastosowania z opryskiwaczem polowym zawieszanym i nalezy do syste-
mow opartych na elementach biernych. Gtéwnym zalozeniem projektowym byto opracowanie uktadu
zapewniajacego satysfakcjonujacy poziom stabilizacji belki przy zachowaniu akceptowalnych kosz-
tow produkcji. Zaprezentowane rozwigzanie jest przygotowywane do realizacji oraz przeprowadzenia
badan polowych.

Stowa kluczowe: opryskiwacz polowy, jakos¢ oprysku, uktad stabilizacji belki polowej
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Article history: Agricultural tractors produced in the twenty-first century will require
Received: August 2014 high-quality services related to their servicing. The aim of the work is
Received in the revised form: to obtain information on the distribution of demand in each month for
September 2014 maintenance services of agricultural machinery based on the service

Accepted: February 2015 facility located in Wielkopolska Region. The paper presents the

analysis of the demand for warranty and post-warranty services for
Keywords: farm tractors over the year. The results have been developed statisti-
repair of agricultural tractors cally in order to determine the period of greatest demand for service.
tractor service ) In the form of histograms quarterly distributions of values of the
warranty and post-warranty service demand for warranty services, guarantee services and the total number
of service were presented. The results have been analysed in terms of
time limits for performance of agrotechnical treatments recommended
for vegetable crops in Poland.

Introduction

Modern farm tractors have a great number of complex technical systems, which face
high requirements related to their reliability, strength and efficiency. Such criteria follow
from specificity of agricultural production, where the date of performing works is dictated
by atmospheric and climatic factors (Juécinski and Piekarski, 2009a). The basic condition
of good exploitation of farm machines is technical maintenance (periodical diagnostics,
technical service) which consists, inter alia, in replacing exploitation material, proper pro-
tection of protective layers against harmful atmospheric, soil and chemical factors, regula-
tion of units etc. (Nizinski and Michalski, 2007; Rybacki and Durczak, 2011; Rzeznik,
2008; Legutko, 2004; Tomczyk, 2009; Wisniewski, 2012). Giving up a periodical technical
service leads to wear and tear and faster ageing of a machine, which affects the change of
their operation parameters through achieving or exceeding border values for a given work-
ing unit reducing at the same time their reliability (Rzeznik, 2008; Rybacki, 2011; Juscinski
and Piekarski, 2008).

Periodical technical maintenance should be carried out within a time limit specified by
a manufacturer to prevent a situation, when an exploited tractor is unfit for use during in-
tense field works. A period of exploitative fitness is expressed with a number of moto hours
of a particular tractor. The use of farm tractors in farms depends highly on agrotechnical
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periods. Such distribution of machines use is an important obstacle in careful planning of
services demand by the service department (Juscinski and Piekarski, 2009b).

Aiming at achieving high reliability, quality and effective operation of farm tractors, it
is important to carry out high quality technical service. Services of farm tractors should
render services for their clients in adequately equipped and organized repair facilities (Dur-
czak and Rybacki, 2011; Skudlarski, 2006; Juscinski and Szczepaniak, 2008). A good qual-
ity of technical services brings overtime financial advantages to producers of farm ma-
chines as well as users, shaping a seller-client bond, which displays loyalty towards
a company in case of the first purchase (Juscinski and Piekarski, 2010; Durczak and
Rybacki, 2011).

Variable demand for service during a year is a great impediment in functioning of the
service facility. Service facilities, who want to reduce uneven demand for the offered ser-
vices use various solutions, such as: service offers, price discounts, client's card, etc.

Monitoring the maintenance service demand in a narrow scope influences accumulation
of orders for such services, because damages to machines are random in nature and the time
limits of planned inspections (e.g. warranty) are determined with the amount of performed
work (in moto hours, working hours, kilometres). The issue undertaken in this paper is
crucial for organization of work in repair-maintenance facilities. Unfortunately, service
facilities have no greater impact on accumulation of notifications in particular periods, thus
in order to keep clients they introduce internal changes of work organization and they em-
ploy additional mechanics or they extend work time from 8 hours to 10 or 12 hours for
those employed based on the employment contract. In some situations they introduce
a two-shift work system.

Objective of the paper

The objective of research is to identify present distribution of seasonality of demand for
warranty and post-warranty maintenance services and suggesting a possibility of decreasing
the demand changes for services in the selected service facility located in Wielkopolskie
Voivodeship.

Methodology

Presently a services market is very competitive which influences constant raise and im-
provement of the services quality by service facilities. It consists in constant control of
production process, enhancing actions related to the improvement of quality, implementa-
tion of new technologies for companies and such organization and management, which
takes into account client's satisfaction.

For realization of the objective of the paper, data from orders of the authorized service
facility which renders technical services of farm tractors in Wielkopolskie Voivodeship
were analysed. The investigated company employs seven workers of the service department
for the fixed period of employment and has two cars with service equipment which is used
for diagnostic purposes of tractors, in which failure occurred during field works. Investiga-
tions were carried out from 1st October 2012 to 30th September 2013. In order to reflect the
actual state of the company functioning, orders concerning tractors were not selected. All
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maintenance services, both warranty and post-warranty, carried out in those establishments,
were analysed. The scope of power of tractors was neither selected.

The collected data were developed in the form of histograms which present distribution
of the annual demand for warranty and post-warranty services of farm tractors of the inves-
tigated company. Demand for maintenance services was measured with the number of
orders in the investigated time intervals, which is some kind of a simplification.

Research results and their analysis

The research which was carried out shows that the company since 1st October 2012 to
30th September 2013 had executed 359 orders of all maintenance repairs of tractors includ-
ing 154 repairs of machines covered with the manufacturer's warranty and the rest are ma-
chines which were not covered by warranty. The time limit of performing maintenance
service was previously provided in 121 orders concerning tractors covered by warranty and
139 in case of tractors which were in the post-warranty period. The remaining orders were
opened in the moment of notifying a failure and rendering a disposition by the service rep-
resentative to the tractor operator or after providing a machine to the repair facility. During
a year, the most because as much as 58% of orders, was related to tractors with power from
100 to 199 KM, another groups consisted of machines with power below 100 KM (37%).
Tractors with power exceeding 200 KM constituted 5% of all the investigated orders. Such
distribution of power results from the fact that farms in Wielkopolska region are average
farms acc. to the Agency for Restructuring and Modernization of Agriculture (as of 3rd
January 2014). Average area of agricultural farms in 2013 was 13.46 ha (for the country it
was 10.42 ha).

Demand for warranty services in the analysed period is presented in figure 1. Distribu-
tion of demand for maintenance services of new tractors considerably depends on the date
of their purchase and intensity of exploitation during field, transportation and other works
carried out in a farm.

Owners of new machines after determined service life in moto hours notify the need of
warranty service (also called inspection).

In the last quarter of 2012 demand for warranty services in comparison to all warranty
inspections in the investigated period were 10%. In the monthly distribution the lowest
number of operations related to warranty service of tractors was carried out in October and
November. The end of the third decade of November and the beginning of December had
the increase of the number of notifications concerning the need for maintenance services,
whereas the end of the year reduced the number of notifications to zero. The reason for
such distribution of orders is reduction of intensity of use of farm tractors related to the
winter season and the end of field works. Sowing winter cereals at the end of September
and beginning of October results in formation of a reserve related to unused possibilities of
repairs and warranty inspections.

The first quarter of 2013 is an increase in the number of service orders concerning war-
ranty inspections. At the end of January and the beginning of February higher demand for
warranty service was reported — in comparison to the previous month; in the second decade
of February decrease was reported. On the other hand, at the end of the first and in the be-
ginning of the second quarter demand for warranty orders increased considerably. It was
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related to the increase of intensity of exploitation of farm tractors. The end of March and
beginning of April is a period, when field works related to cultivation, fertilization and
sowing of spring plants are initiated. In the second quarter, 34% of all notifications related
to warranty service of machines were reported. A systematic decrease of orders and another
increase in June had been reported since April. In the beginning of the third quarter the
number of inspections and warranty inspections and repairs of farm tractors was dropping
systematically and achieved stabilization in August. In the first decade of September,
a sudden increase of orders took place, which resulted from the greater exploitation of trac-
tors during harvest in July and August and the required moto hours, which qualified a trac-
tor for warranty inspection and service.

Number of orders
S

October |Novcmbcr|Dcccmbcr| January | Fcbruaryl March | April | May | June | July | August |Scptcmbcr|

Month

Figure 1. Distribution of demand for warranty service of farm tractors

Seasonality of works performed with the use of farm tractors influenced accumulation
of warranty services demand in the investigated period. In winter months, intensity of trac-
tors exploitation is reduced which is related to abandoning plant production, which causes
decrease in the number of warranty orders. Users of farm tractors usually perform warranty
inspections shortly before field works begin — the period for such works is uniform for
a given region - thus the maintenance service carries out orders in March and April, which
could have been carried out earlier.

Figure 2 presents a histogram of distribution of post-warranty services demands of the
company from the beginning of October 2012 to the end of September 2013.

The objective of the post-warranty service is maintaining a machine in the fit condition.
It mainly consists in inspection and post-warranty repair which eliminates failures of a farm
tractor, which are mainly random.
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Number of orders

October |Novcmbcr|Dcccmbcr| January |Fcbruary| March | April | May | June | July |August |Scptcmbcr|
Month

Figure 2. Distribution of demand for post-warranty service of farm tractors

Post-warranty orders in the last quarter of 2012 and the first quarter of 2013 constituted
the same number of orders and were in total 30% of the total annual number of all repairs
covered by warranty. In these months, post-warranty repairs concerned mainly machines
working for animal farms, because such farms exploit tractors more regularly during the
entire year. In the first decade of January demand for this type of repair was minimal. In-
crease was visible in the second decade of March as late as to the last decade of April. It is
related to the beginning of field works and thus with the increase of intensity of exploitation
of farm tractors. Post-warranty repairs of farm tractors in the second quarter were 31% of
all orders analysed for the given period. The highest number of orders related to repair of
tractors which did not have warranty was reported in the second quarter of 2013. It is
a period of intense exploitation of farm tractors during harvest of grains and post-harvest
works. These works are carried out in summer months, when draughts occur and thus ma-
chines are more threatened to failures due to dusting their units and possibility of overheat-
ing working units.

In case of tractors, when the producer's warranty expires, the increase of failure takes
place from March to October, which results from the higher number of field works. Along
with the age of a machine its unreliability increases. Often it is random and therefore it is
more difficult in this case- in comparison to the warranty service — to suggest reduction of
accumulation.

A histogram (fig. 3) presents total demand for maintenance services (warranty and post-
warranty) in the investigated period of time. Distribution of maintenance orders since Octo-
ber 2012 to the end of February 2013 does not exceed 10 orders in total. The increase of the
total number of orders takes place in March when the field works begin during which farm
tractors are exploited more intensively. Post-warranty orders mainly affected the increase of
the number of orders from June to August. But accumulations in April, May and September
were equally affected by warranty and post-warranty orders.
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Number of orders

Figure 3. Total demand for warranty and post-warranty service of farm tractors

Conclusions

The research, which was carried out, development of results and their analysis allow

formulation of the following conclusions:

1.

2.

In the investigated facility, great seasonality of demand for maintenance services took
place, which impeded its functioning.

Observations made during investigations enable to produce a statement that particular
orders are repeatable to some extend and time of their realization is similar.

In the investigated company, 10 orders at the average are for a decade; this number
increases from March to May and in August and September. Thus, in this period, the
following issues should be taken into consideration: employing additional specialists,
extension of work time of employees, who are employed based on the contract for em-
ployment or implementation of the shift system in a facility. Such solution would pro-
vide a possibility of performing repair in a shorter time and thus it would reduce the
time of stoppage resulting from a machine fault.
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ANALIZA ZAPOTRZEBOWANIA MOCY PRZEROBOWEJ
WARSZTATOW NAPRAWCZYCH CIAGNIKOW ROLNICZYCH
NA PRZYKLADZIE WOJEWODZTWA WIELKOPOLSKIEGO

Streszczenie. Ciaggniki rolnicze wyprodukowane w XXI wieku wymagaja wysokiej jakosci ustug
zwigzanych z ich serwisowaniem. Celem pracy jest uzyskanie informacji dotyczacej rozktadu zapo-
trzebowania w poszczegolnych miesigcach roku na ustugi serwisowe maszyn rolniczych na podstawie
danych z zakladu serwisowego zlokalizowanego w wojewodztwie wielkopolskim. Przedstawiono
analize zapotrzebowania na ushugi serwisowe gwarancyjne i pogwarancyjne ciagnikéw rolniczych na
przestrzeni roku. Wyniki opracowano statystycznie w celu wyznaczenia okresu najwigkszego zapo-
trzebowania na ustugi serwisowe. W postaci histogramow przedstawiono kwartalne rozktady wartosci
zapotrzebowania na ustugi gwarancyjne, pogwarancyjne oraz tagczng liczbe ustug serwisowych. Wy-
niki przeanalizowano w aspekcie terminéw realizacji zabiegdw agrotechnicznych zalecanych dla
upraw ro$linnych na terenie Polski.

Stowa kluczowe: naprawa ciagnikow rolniczych, obsluga serwisowa ciagnika, serwis gwarancyjny
1 pogwarancyjny
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Article history: The objective of the paper was to evaluate the impact of biomass
Received: January 2015 subjected to pelleting and diameter of pressing openings of a matrix of
Received in the revised form: a pelleting machine on unit consumption of energy and quality of
February 2015 pellets. Virginia mallow biomass (Sida hermaphrodita R.) was inves-

Accepted: March 2015 tigated. The pelleting process was carried out on a pelleting machine

with a flat matrix with the set of pressing rolls. Matrices with three
Keywords: diameters of pressing channels 6, 8, 10 mm were used for pelleting.
biomass Pelleting attempts were carried out at the material moisture which was
pellets ) . 10, 15 and 20%. It was found out that energy consumption of the
energy consumption process of pellet production from Virginia mallow biomass depended
quality of pellets ! ! : . t

on the raw material moisture and on diameter of pressing channels in
the matrix of a pelleting machine. Unit consumption of electric energy
during the pelleting process was within 45.3 and 70.2 Wh-kg"'. The
lowest value was reported for moisture of 15% and diameter of press-
ing channels of 10 mm. Durability of the obtained pellets was within
88.9-93.5% of pellets. The highest durability was in case of pellets
obtained at the moisture of 15% but higher durability was obtained at
lower diameters of pressing openings. The highest relative density was
in case of pellets obtained at the moisture of 15% and it was 1133.6-
1094.8 kg'm™ but density got reduced along with the increase of
a diameter of channels.

Introduction

The use of plant biomass for production of heat and electric energy has become more
important on account of partial replacement of fossil fuels and striving to reduce emission
of carbon dioxide to atmosphere (Smeets et al., 2007; Stelte et al., 2011a; Nunes et al.,
2014; Blaschke et al., 2013).

Solid biomass is presently obtained from forestry, agriculture, wood industry, urban
greenery waste and some amount from segregated organic municipal waste. Balance of
biomass supply on the power industry market may be supplemented by obtaining it from
perennial domestic plants plantations and those introduced to Poland (Niedziotka et al.,
2015). Biomass advantage consists in local production, however, it has low density and low,
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calorific value (referred to volumetric unit) thus high transport costs and an impeded man-
ner of charging boilers. These problems may be solved through appropriate processing and
pressure agglomeration- briquetting and pelleting. Main advantages from biomass agglom-
eration include higher energy density and lower costs of transport and storing (Stelte et al.,
2011b; Niedziotka and Szpryngiel, 2012; Niedziotka and Szpryngiel, 2014).

Pellets have become popular in many countries, particularly in Europe, their use has
been systematically increasing recently (Liu et al., 2014; Stelte et al., 2011a; Stelte et al.,
2011b). Demand for this type of fuel results mainly from comfort of use and possibility of
using it both in heating individual installations and in heating systems. In comparison to
traditional calorific wood, pellets may ensure possibility of automation and optimization of
combustion, similar to calorific oil or natural gas along with high combustion efficiency
and low amount of combustion residue.

Basic raw material for production of pellets is wood waste, presently energy plants and
post-production farm waste is also used.

Processes of pressure agglomeration cause many difficulties with respect to technique,
technology and exploitation, which result from complexity and variability of issues which
occur during the process, carried out in working systems with various structures. Variability
of physical, chemical and biological materials subjected to agglomeration is an impediment
(Hejft, 2011). Except for information concerning the course of agglomeration process,
information concerning energy inputs incurred in the process is important.

The objective of the paper was to evaluate the impact of biomass subjected to compac-
tion and diameter of pressing openings of a matrix of a pelleting machine on unit consump-
tion of energy and quality of Virginia mallow pellets (Sida hermaphrodita R.).

Methodology and conditions of research

The researched raw material was Virginia mallow biomass, which came from the field
experiment. Initial fragmentation of biomass was carried out with the use of a beater grind-
er. Target raw material fraction was obtained in a hammer mill H111 equipped with sieves
with 3 mm meshes.

The pelleting process was carried out on a pelleting machine with a flat matrix with the
set of pressing rolls. The pelleting machine was equipped with a matrix with 380 mm diam-
eter and three pressing rolls, which ensure capacity up to 300 kg-h” (sawdust with 13%
moisture and fraction up to 5 mm), electric engine power was 12 kW.

Matrices with three diameters of pressing channels 6, 8, 10 mm and length of 36 mm
each were used for pelleting. Pelleting attempts were carried out at the material moisture
which was 10, 15 and 20%.

It allowed preparation of 9 measurement variants presented in table 1. Measurements
were carried out in 5 iterations for each variant. Biomass was moistened in the conditioning
process with the use of a steam generator. Moisture during research was determined with
the use of a moisture meter WTR-1N.
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Table 1.

Measurement variants of research

Measurement Moisture Diameter of pressing channels
variant (%) (mm)
1 10 6

2 10 8

3 10 10
4 15 6

5 15 8

6 15 10
7 20 6

8 20 8

9 20 10

In order to determine unit energy consumption, electric energy consumption charged by
an electric engine, which drives the device was registered. Measurements of electric energy
were made when the device reached stable speed. Power converter A/C Lumel P13P was
used for measurement and registration of electric energy. This system enabled registration
of active power collected by the device and visualization of actual value on the computer
screen with the use of Lumel 3000 software. In order to determine energy consumption for
fighting over own resistance of the device, instantaneous power was recorded during idle
running. During pelleting of each of the tested raw materials, values of instantaneous power
in one second intervals were recorded. Energy consumption was determined in relation:

g _EmEy )

J
m

where:
E; — energy consumption of the process, (Wh-kg™)
E,  —energy inputs during the process, (W-h)
E,, —energy inputs during light running, (W-h)
m — mass of the obtained pellets, (kg)

In order to determine mechanical properties of the obtained Virginia mallow pellets the
following were determined:

— Specific density — with the use of a set for determination of density of solid bodies of
RADWAG company WPS 510/C/1 model, where the measurement was based on the
measurement of the mass of a sample in air and in liquid with known density.

— Durability — with the use of Pfost apparatus. In the container which is mechanically
rotated, samples of 0.5 kg mass were placed and it was set in rotary motion with the
speed of 50 rpm for 10 minutes. After the tester was stopped, the sample was sieved and
the mass of not damaged granules was determined. By referring the mass of the remain-
ing pellets to the mass of the entire sample kinetic resistance of pellet was
obtained.

The obtained results of measurement of energy consumed for production of pellets from
the investigated plant materials were subjected to statistical analysis with the use of analysis

143



Grzegorz Zajac

of variance and Tukey's test. In all analyses the level of significance was assumed as
0=0.05 The obtained results were presented in tables of analysis of variance and tables
which include appropriate means along with determination of their impact on statistically
significant differences of analysed properties.

Results of the research

Figure 1 presents results of the research of energy consumption of pellets production
depending on the moisture of raw material and diameter of pressing channels. The lowest
unit energy consumption which amounts to 45.3 Wh-kg™' was obtained for moisture of 15%
and $10 mm. The highest energy consumption — 70.27 Wh-kg "' was in case of the compac-
tion process for biomass moisture of 20% and ¢ 6 mm.

High energy consumption at the moisture of 20% resulted from unstable operation of
a pelleting machine. While at the moisture of 10% before compaction of material, rolls of
the device additionally milled material which caused a buildup of material and reduction of
capacity of the compaction process.

Reduction of energy consumption for matrices with higher diameters of pressing chan-
nels may be justified by decrease of friction force, which results from the reduction of the
total area of friction of agglomerate by areas of all compacting channels (Fraczek, 2010).

75

w D (= ~
w f=} W [=}

w
(=}

Unit energy consumption (Wh- kg-1)

== diameter of channels 6

= diameter of channels 8 mm

S
[

== diameter of channels 10
mm

40
10 15 20

Moisture (%)
Vertical columns stand for 0.95 confidence interval

Figure 1. Relation of unit energy consumption to moisture of raw material and diameter of
pressing channels of matrix

In order to determine the impact of biomass moisture fed to a pelleting machine and di-
ameter of pressing channels on energy consumption of the process, two-way analysis of
variance (ANOVA) with interaction was carried out. Results of the analysis were presented
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in table 2. The analysis of variance which was carried out proved that both moisture of raw
material as well as diameter of pressing channels and their interaction significantly influ-
ence unit energy consumption.

Table 2
Analysis of variance of unit energy consumption in relation to moisture and diameter of
pressing channels

Source of variability Degrees Sum Root mean Value P

of freedom of squares square Fo (F>Fy)
Moisture 2 2264.8 1132.4 510.35 0.000000
Diameter of channels 2 543.0 271.5 122.35 0.000000
Moisture* diameter of 4 1349 33.7 15.20 0.000000
channels
Error 36 79.9 2.2 0.000000

The procedure of Tukey's test which compares results of research on the energy con-
sumption of the pelleting process obtained in particular measurement variants (1-9) formed
seven unit groups (table 3): first group — measurement variant 2 and 3, second: measure-
ment variant 2 and 4, third: measurement variant 8 and 9, fourth: measurement variant 7
and 9, fifth: measurement variant 6, sixth: measurement variant 5 and seventh: measure-
ment variant 1.

Table 3

Average values of energy intake during production of pellets (Wh'kg™)
Measurement Moisture Diameter of channels Average energy consumption
variant (%) (mm) (Whkg™h
6 15 10 4532°
5 15 8 48.76 °
3 10 10 54.86 °
2 10 8 56.97 ¢
4 15 6 58.50 ¢
1 10 6 62.96 °
8 20 8 66.91 "
9 20 10 67.35"
7 20 6 70.28 "

Letters a, b, ¢, d, e, f, g in brackets stand for uniform groups
(average values of properties differ significantly between groups)

Relation between the durability of pellets and moisture for the applied matrices was pre-
sented in figure 2. Durability of the obtained pellets was within 88.9% to 93.56%. The
lowest durability (<90%) was obtained for moisture of 20% independently from the applied
matrices. Such low durability practically disqualifies them as fuel for use in household
heating systems. The highest durability was obtained by pellets at the moisture of 15% for
the matrix with a diameter of pressing channels of 6 mm — 93.56%.
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Reduction of durability at moisture of 20% was caused by expansion of pellet after its
passing through the matrix channel. Similar relations are presented in works (Kulig and
Skonecki, 2011; 2010).

95

94

93

92

91

Endurance (%)

90

== diameter of channels 6

89 =& diameter of channels 8

88 ] | | == diameter of channels 10
10 15 20
Moisture (%)

Vertical columns stand for 0.95 confidence interval

Figure 2. Relation of durability of obtained pellets to moisture of raw material and diame-
ter of pressing channels of matrix

Impact of the moisture of raw material and diameter of pressing channels on thre dura-
bility of the obtained pellets was analysed with the use of a two-way analysis of variance
(ANOVA) results of which were presented in table 4. Based on the obtained results it was
found out that both the moisture of raw material and diameter of pressing channels had
significant impact on the durability of the obtained pellets at 95% confidence interval. Ef-
fect of interaction of the moisture and diameter of pressing channels had no significant
impact on durability of pellets.

Table 4

Analysis of variance of pellets durability in relation to moisture and diameter of pressing
channels

Source of variability Degrees of Sum Root mean Value P

freedom  of squares square Fo (F>Fy)
Moisture 2 110.2 55.1 421 0.000000
Diameter of channels 2 3.1 1.5 12 0.000119
Moisture* diameter of channels 4 4 0.3 2 0.074729
Error 36 4.7 0.1
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Table 5

Average values of durability of the obtained pellets (%)
Measurement Moisture Diameter of channels Average durability
variant (%) (mm) (%)
9 20 10 88.90 °
8 20 8 89.28 °
7 20 6 89.40 °
3 10 10 91.64°
2 10 8 91.84 ¢
1 10 6 91.90 ¢
6 15 10 92.40¢
5 15 8 92.84¢
4 15 6 93.56 °

Letters a, b, ¢, d, e in brackets stand for uniform groups
(average values of properties differ significantly betweengroups)

The applied Tukey's procedure which compares results of research on the durability of
pellets obtained in particular measurement variants formed 5 uniform groups (table 5): first
— measurement variant 7,8,9, second — measurement variant 1,2,3, third — measurement
variant 6, fourth — measurement variant 5 and fifth measurement variant 4.

Specific density is one of the most important qualities of pellets. One of the factors in-
fluencing specific density is moisture and size of particles.

Figure 3 presents the obtained relation between specific density of pellets and moisture
of raw material for the applied matrices.
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Vertical columns stand for 0.95 confidence interval

Figure 3. Relation of specific density of the obtained pellets to moisture of raw material for
diameters of pressing channels of matrix used in research
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The highest values of the parameter were determined for moisture of 15% for all diame-
ters of pressing channels — 1133.6-1094.8 kg-m™, whereas the lowest for moisture of 20% —
998.8-1002.8 kg'm™.

Low values of density at 20% moisture result from extension of agglomerate after being
pushed from the matrix.

Kulig and Skonecki (2011) when investigating the compaction process of various ener-
gy plants including Virginia mallow determined similar relations by obtaining density ex-
ceeding 1000 kg-m™ within the scope of moisture of 13-16%.

ANOVA analysis of variance (table 6) proved that moisture of raw material and diame-
ter of pressing channels had significant impact (p<0.05) on specific density of the obtained
pellets. Whereas for interaction of factors no statistically significant differences were de-
termined.

Table 6

Analysis of variance of specific density of pellets in relation to moisture and diameter of
pressing channels

Source Degrees of Sum Root mean Value P

of variability freedom of squares square Fo (F>Fy)
Moisture 2 81151 40575 264.9 0.000000
Diameter of channels 2 4647 2323 15.2 0.000017
Moisture* diameter of 4 967 242 1.6 0.201309
channels

Error 36 5514 153

Table 7

Average specific density of the obtained pellets

Measurement Moisture Diameter of channels Average specific density
variant (%) (mm) (kg'm™)

9 25 10 998.8 *

8 25 8 1016.4°

7 25 6 1020.8

3 15 10 1064.8 "

1 15 6 1076.2 "¢

42 15 8 1076.4 >

6 20 10 1094.8 ¢

5 20 8 11182 %¢

4 20 6 1133.6°

Letters a, b, ¢, d, e in brackets stand for uniform groups
(average values of properties differ significantly between groups)

The procedure of Tukey's test which compares results of research on specific density of
pellets obtained in particular measurement values (1-9) formed five uniform groups (table
7): first group — measurement variant 7-9 — measurement variant 1-3, third measurement
variant 6, fourth 5 and sixth group measurement variant 4.
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Conclusions

1. Analysis of the obtained results proved that energy consumption of the process of pellet
production from Virginia mallow biomass depended on the raw material moisture and
on the diameter of pressing channels in the matrix of a pelleting machine. Unit con-
sumption of electric energy during the pelleting process was within 45.3 and 70.2
W-kg™. The lowest energy consumption was obtained at the moisture of 15% and diam-
eter of pressing channels of 10 mm.

2. The lowest durability was in case of pellets obtained at the moisture of 20% -
88.9-88.4%, the highest was in case of pellets obtained at the moisture of 15% 93.5-
92.4%. The highest durability was obtained at lower diameters of pressing openings.

3. The highest specific density was obtained for pellets obtained at the moisture of 15%
and it was 1133.6-1094.8 kg m™. The lowest density was obtained at the moisture of
20% — 998.8-1020.8 kg m™ but density got reduced along with the increase of the diam-
eter of pressing channels.
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WPLYW SRED,NICY KANALOW ZAGESZCZAJACZYCH
I WILGOTNOSCI NA PARAMERTY PROCESU PELETOWANIA
BIOMASY SLAZOWCA PENSYLWANSKIEGO

Streszczenie. Celem pracy byla ocena wpltywu wilgotnosci biomasy poddawanej peletowaniau oraz
$rednicy otworow prasujacych matrycy peleciarki na jednostkowe zuzycie energii i jako$¢ peletow.
Badanym surowcem byta biomasa slazowca pensylwanskiego (Sida hermaphrodita R.). Proces pele-
towania przeprowadzono na peleciarce z matryca ptaska z zespotem rolek prasujacych. Do peletowa-
nia wykorzystano matryce o trzech $rednicach kanatow prasujacych 6, 8, 10 mm. Proby peletowania
przeprowadzano przy wilgotnosci materialu wynoszacej 10, 15 i 20%. Stwierdzono, ze energochton-
nos¢ procesu wytwarzania peletow z biomasy §lazowca pensylwanskiego zalezala od wilgotnosci
surowca, a takze od srednicy kanalow prasujacych w matrycy peleciarki. Jednostkowe zuzycie energii
elektrycznej podczas procesu peletowania wahato w granicach od 45,3 do 70,2 Whkg"'. Najnizsza
warto$¢ odnotowano dla wilgotnosci 15% i $rednicy kanalow prasujacych 10 mm. Trwalos¢ uzyska-
nych peletow wahata si¢ w zakresie 88,9-93,5% peletow. Najwyzszg trwatoscia charakteryzowaty si¢
pelety uzyskane przy wilgotnosci 15% przy czym wyzsza trwato$¢ uzyskiwano przy mniejszych
$rednicach otwordw prasujacych. Najwicksza gesto$¢ wlasciwa uzyskano dla peletow uzyskanych
przy wilgotnosci 15% 1133,6-1094,8 kg'm™ przy czym gestos¢ malata wraz ze wzrostem $rednicy
kanatow.

Stowa kluczowe: biomasa, pelety, energochtonnos¢, jakos¢ peletow
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