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Abstract: The humidity of the soil and the quality of
seedbed preparation is an important factor influencing
crop density and early establishment. It largely depends
on weather conditions, but partly it can be controlled by
soil management system.

Field experiments of different soil tillage methods were
carried out at Experimental Station of Aleksandras
Stulginskis University in 2009. Treatments involved:
1) direct drilling, 2) shallow ploughing (10 cm depth),
3) deep ploughing (20 cm depth). In the experiment

Santrauka: Di r vos drdgnumas ir
paruogi mas yra svarbis v e
sudygimN ir daigd augi mN.
nuo aplinkos sNIyg?O, bet
dirbi mo bidas.

Skirtingd® geméds dir bi imentai
buvo atlikti 2009 m. Aleksandro Stulginskio
universiteto bandym®O stot
1) ti esi ogseklds aramag (a0, cm)2 3) gilus

spring barley (Hordeum vul arimas (20 cm) . Buvo augi nami
cultivated. The soil of experimental site i Calc(ar)i- (Hordeum vul gare L.)i drérbidtas
Endohypogleyic Luvisol (Drainic). karbonatingas giliau gl &j-
The aim of the research was to estimate the influence of Endohypogleyic Luvisol (Drainic).
soil management system on seedbed parameters and Ty i mO Rt hkstasyt gemas d
crop density. It was estimated, that the highest sdklos guoliavietas par ame
rogghness of the soil surface (31.8 mm) was, whgn the Buv o nustatyta, K ad didg
soil was ploughed at 20 cm depth, but contrarily the
seedbed roughness was the lowest (15.2 mm). Estimated nely g umas (3 1,’ 8 mnl) buvo t
direct drilling depth was 15.6 mm and in ploughed soil it ' Yd€éns., taliau saklos gu
was 51.7i 57.4 mm. In ploughed soil at 20 cm depth the Magi ausiais (15,2 mm). Ti
seeds were sown too deep i 88.4 % of them were below 15, 6 mm, o ar t ainbd,7i 87 4rmmoGlair
sowing depth. When direct drilling was used i too artame (20 c¢cm) dirvogemy]
shallow 7 57.8 % of seeds were above sowing depth. pasdtea giliai, o t aiibK,8% per
The highest accuracy was estimated in shallow ploughed sekl i ai Ti ksl iausi ai sak
soil i 43.8 % of the seeds were at sowing depth. T 43,8 % sakl O buvo sajos
Nevertheless in the dry weather conditions spring barley ¢ sant sausiems orams, ¢tie
germl_nated faster when direct drilling wa_s used, later on, vasariniai miegiai s u byag
expe_rlmental r.esu.IFs showeq, that spring barley crozp nustatyta, ekmindai retassié (180 wnt. mz)
density was significantly thinner (180 plants per m?) . . . .
. nei artame dirvogemyje. A

compared to deep or shallow ploughing, whereas depth o )
of the ploughing did not influence thickness of crop stand: P4 akos pa s a lio tankumui,
it was 4311 445 plants per m-. buvo 4317 445 vnt. m".
Keywords: deep and shallow ploughing, direct drilling, Raktini aisedkoldugsi aiir. gilus a
seedbed, crop stand density sakl ¢ igwi et a, pasalio tan
INTRODUCTION ] VADAS

Seedbed preparation is crucial for the growth of Sakl os guoliavietas paru
seedlings, plant establishment and the final yield of vei ksnys turintis DZakos s
crops. A great consideration is needed to determine the augimui ir galutiniam derliui. D 8 | to | abai

most suitable conditions for crop growth. An important
aspect of this is the physical characteristics of the
seedbed such as soil strength, bulk density, water
content, water retention, aggregate size and distribution,

ir sudaryti p alsiNa sy gtaisn kapomgji
j au palioj.eSvardda@iusijie sakl
agrofizikiniai parametr ai

vandens kieki s, dirvogemi

aggregate stability, temperature, oxygen and nutrient
availability [2,8]. Experimental evidence suggests that
different soil tillage and sowing methods has a significant
effect on soil structure, soil bulk density, total and air- ir

agregat® dydis i
temperatira, dega
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filled porosity, soil moisture and crop yield [5,14,12,9,6].
A seedbed is defined as a loose shallow surface layer,
tiled during seedbed preparation with a basal layer
underneath which is untilled and usually firm [3]. A
seedbed is required to provide a medium for germination,
root growth, emergence and establishment [1], as such
this covers a wide range of determinate factors. Seedbed
preparation and sowing, often referred to as secondary
tillage, aim primarily to create suitable soil conditions for
germination, plant emergence and subsequent crop
growth: the seed should be placed at a desired depth; the
soil at sowing depth should contain enough water and
suitable temperature and aeration conditions for
germination; the seedbed should act as an evaporative
barrier; the soil should not be over-compacted; tillage
operations should also control weeds [1]. Seedbed
practices are therefore key as cultivation implements
impose varying degrees of alterations to both the surface
soil and sub-soil. As such it is crucial to determine the
best practice for seedbed preparation to maximise crop
establishment and yield. The aim of our experiment was
to estimate the influence of soil management system on
seedbed parameters and crop density.

MATERIALS AND METHODS

Experimental site and soil. Field experiments were
carried out at the Experimental Station of the
Aleksandras Stulginskis University (former Lithuanian
University of Agriculture) (54A5 3 Nj N, 23 A5
The soil of the experimental site is Calc(ar)i-
Endohypogleyic Luvisol (Drainic) according to the WRB
2014 [4]. The main soil properties were: soil pHkci 6.71
7.2, arable layer 25 cm, humus content in the arable
layer 2.21 3.0%, total N 1.47 g kg™, available phosphorus
(P20s) 1197 242 mg kg, and available potassium (K-O)
1007 124 mg kg™

Experimental design. The experiment had a one-
factor design. It was performed in four replications.
Spring barley (Hordeum vulgare L. ) vambady
cultivated using different soil management practices:
1) direct drilling, 2) minimum tillage (10 cm depth), 3)
deep tillage (20 cm depth).

Method to characterize the quality of a seedbed.
Immediately after sowing the mean depth is determined
by transferring all loose soil within a 40x40 cm? steel
frame to a measuring cylinder. Before this, the difference
in elevation between the highest and the lowest points of
the soil surface within the frame is measured to give a
simple characterization of the roughness of the surface,
and afterwards, the roughness of the base of the
seedbed is determined in the same way. The seedbed in
the open frame at the side is separated into two or three
sub-layers using a scoop and simple hand tools. The soil
from each sub-layer is transferred to a hand sieve set to
determine the aggregate size distribution and the number
of seeds.

Crop density. Density of spring barley crop was
evaluated by counting method (with 20 x 30 cm frame) in
16 places of each plot.

Meteorological conditions. April 2009 was 2.8 times
warmer compared to the annual average and extremely
dry. Rainfall was 4.5 times less than usual and all it
dropped out during the first ten days, the hydrothermal
coefficient of the April was 3.8 (very wet). During the
sowing time of spring crops, the hydrothermal coefficient
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of the second and third ten days was O; there were no
rainfall at all. At May, the average temperature was 2°C
below the annual average. At the end of the first ten days
started to rain, but moisture, however, was too low,
because during the second ten days was too little rainfall.
A little more rainfall was only at the end of May. This
month's average hydrothermal coefficient was 1.3
(sufficient moisture). June was nearly 1°C cooler and
precipitation was 1.7 times more than the usual,
hydrothermal coefficient 2.6 (very wet). The air
temperature and precipitation in July was a close to the
annual average estimate hydrothermal coefficient 1
(sufficient moisture). August was wet (hydrothermal
coefficient 1.7), although the average air temperature and
precipitation was close to the annual average. However,
the first ten days was favourable for harvesting, there
were no rainfall.

Statistics. Statistical significance of differences
between treatments was eval uat ed by Fi
least significant difference test at Pgevey < 0.05 was
performed using package of statistical programmes
SELEKCIJA [15].

RESULTS

The roughness of the soil surface shows the difference
in elevation between the lowest and highest points of the
surface. In our experiment the influence of soil
management practices on soil surface roughness was
significant (Fig. 1). The highest unevenness of soil
surface after barley sowing was when the soil was deep
ploughed in autumn, compared with shallow ploughing
(8.5 %) and direct drilling (18.6 %). The lowest soil
surface roughness was in direct sowing plots. A. Kairyte
(2005) found that all methods of minimised soil tillage
and direct drilling significantly reduced the soil surface
roughness in comparison with deep ploughing in autumn
[7]. In our experiment the highest roughness of the base
of the seedbed was in shallow ploughed soil i 39.9 %
higher compared to direct drilling, and 49.0% if compared
with deep ploughing in the autumn.

3 Soil surface roughness
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Fig. 17 The roughness of the soil surface (LSDgs = 6.40) and the roughness of the base of the seedbed (LSDys =4.34) using

different soil management practices

Seedbed quality/conditions determine plant uniformity
and growth intensity in the beginning of the vegetation.
Fast and uniformly emerged crops have capability to
smoother weeds and are the basis for a good harvest.
The quality of seedbed depends on tillage and quantity of
organic matter [16,11].

According to I. Hakansson et al. (2002), A. Velykis and
A. Satkus (2005) the optimal depth for sowing in heavy
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soils is 315 cm [3,16]. In our experiment sowing depth
closest to the optimal was in the shallow and deep
ploughed soil (51.7157.4 mm) (Fig. 2). In direct drilling
sowing depth was on average 3.4 times shallower than in
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Fig. 21 Sowing depth using different soil management practices (LSDgs = 13.45)
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seeds remains on soil surface. Experiments made by
other authors showed that even seed introduction was
also reduced when the intensity of soil tillage was
minimized, because the soil surface became harder, the
greater part of the plant residues remained in the soil
surface or was introduced into the upper soil layers,
preventing seed introduction [11].
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Table 1

The effect of primary soil tillage on the seed distribution in seedbed layers

Soil management practices

Spring barley seed distribution %

Soil surface (L1)

Sowing depth (L2) Under sowing

depth (L3)
Direct drilling 57.8 37.0 5.2
Shallow ploughing (10 cm) 10.7 43.8 45.5
Deep ploughing (20 cm) 0 11.6 88.4
LSDgs = 10.44 LSDgs = 13.39 LSDgs = 25.43

N 500 445a

E 400
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5 180b

o 200

& 100
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cm)

cm)

Fig. 31 Spring barley germination using different soil management practices (LSDgs = 87.14)
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The quality of soil preparation for sowing, soil physical
mechanical properties, and moisture content has a great
influence on the field seeds germination. Proper seedbed
preparation significantly increases seeds contact with the
soil. Our experiment showed that a soil management
practice has a significant effect on the germination of
spring barley (Fig. 3).

When the soil in the autumn was deeply or shallowly
ploughed the germination of barely was on average 2.4
times higher than in direct drilling. Nevertheless the
moisture content in the no tilled soil was sufficient, but
during winter soil was compacted therefore the seed was
sown too shallow and that had significant influence on
poor germination of barley. Minimum soil tillage
according to seedbed quality in heavy soils is more
suitable for the winter crops than for spring crops [16,10].
Reduced primary soil tillage can be applied in cereal
cultivation on Central
loamy soils: instead of conventional soil tillage (stubble
breaking at a depth of 107 12 cm and deep ploughing at a
depth of 221 25 cm) it is feasible to apply direct drilling or
minimal soil tillage at a depth of 101 12 cm. Replacement
of conventional soil tillage by direct drilling into non-tilled
and into minimally tilled soil suits best for oats and winter
wheat grown after good preceding crops [14]. Application
of shallow ploughing for the pea provided the worst
germination [17]. Spring barley and peas were more
susceptible to the simplification of autumn soil tillage:
when barley and peas were sown into minimally tilled soil
or direct-drilled into non-tilled soil spray-applied with
Roundup (4 | ha' 1), a significantly lower yield was
obtained [14].

CONCLUSIONS

Experiments of different soil tillage methods showed,
that the highest roughness of the soil surface (31.8 mm)
was when the soil was ploughed in the autumn at 20 cm
depth, but contrarily the seedbed roughness was the
lowest (15.2 mm).

Sowing depth of spring crops in direct drilling largely
depended on soil compaction. Deep or shallow soil
ploughing allowed more even seed distribution in soil and
less seeds remained on soil surface. The highest
accuracy was estimated in shallow ploughed soil i 43.8
% of the seeds were at sowing depth.

When the soil in the autumn was deeply or shallowly
ploughed the germination of barely was on average 2.4
times higher than in direct drilling. Nevertheless in the dry
weather conditions spring barley germinated faster when
direct drilling was used. Later on, spring barley crop
density was significantly thinner (180 plants per m?)
compared to deep or shallow ploughing, whereas depth
of the ploughing did not influence thickness of crop stand:
it was 431i 445 plants per m?.
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AN ANALYSIS OF CORN TILLAGE AND CULTIVATION ENERGY CONSUMPTION AND GHG
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Abstract: This article discusses various corn tillage
technologies and analyses their energy consumption and
GHG emissions. The experimental research and
analytical calculations took place in Lithuania and were
carried out using five different tillage technologies of
varying intensities: deep ploughing, shallow ploughing,
deep cultivation, shallow cultivation, and the no-tillage
system (NT). The research has determined that lower
intensity tillage technologies expend 12-58% less energy
than deep ploughing. NT technology causes the least
pollution: the agricultural machines involved only emit
only an average of 107 kg ha™ of CO,. The most efficient
technologies in terms of energy efficiency are the NT and
the conventional deep ploughing.

Keywords: tillage, fuel consumption, CO, emissions,
energy indicators, corn.

INTRODUCTION

The most important objective of tillage is to create
favorable soil conditions for plant growth. Annual deep
ploughing has usually negative consequences: the
values of good soil properties decrease and the
subsurface soil layer condenses [1, 2, 3]. Crop type,

meteorological conditions, terrain, soil fertility level,
organic matter content, weed infestation, moisture
conditions, soil structural level, available tillage

techniques, know-how, etc. most influence the tillage
technology choice. Without a doubt, every tillage system
has advantages and disadvantages. A higher yield is
more likely with traditional plough tilling, but due to the
low performance of tillage operations and the need for
high-power tractors, the tillage costs are usually the
highest. In addition, the adverse effect of conventional
tilage on the environment, soil, and biodiversity is also
very high [2, 3]. Irrational selection of tillage machines
and their working mode can also adversely affect the
environment. More toxic gases may be emitted due to
increased load on the machines in such cases, which
damage the natural ecosystem environment [4].

Environmentally sustainable systems with minimum
tilage and no-tillage are increasingly used searching for
alternatives to reduce the intense tillage with the plough.
Thus the tillage machinery effects on soil degradation
and soil properties are reduced; the subsurface soil layer
condenses less, which preserves more the natural water
filtration and the plant root penetration into the various
layers of the soil [5].

The main challenge of sustainable agriculture is to
limit its intense impact (mechanical, chemical and
biological) on soil and plants, to reduce its negative
consequences to ensure a continuous renewal of soll
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productivity, protect the biosphere, and maintain cost-
effective production. Sustainable agriculture has a
number of objectives: a more rational use of materials,
energy, and labour resources to meet stringent
environmental requirements for the production of healthy
and cheap agricultural products. But perhaps the most
important objective of sustainable agriculture is sall
conservation. The aim is to preserve soil, prevent the
loss and degradation of humus, reduce the nutrient
leaching and soil water pollution, protect soil from erosion
and structure depletion, promote natural biological
processes, better balance of field organic metabolism,
and improve the topsoil layer aeration and irrigation [6].
One of the most important tasks of environmental
sustainability is to reduce the human impact on climate
change through economic activity. Over the past few
decades, CO,, methane (NH.), nitrous oxide (N2O), and
other gas emissions have been increasing. The popular
term for these is greenhouse gases or GHG [7]. CO; has
the greatest impact among the greenhouse gases. Its
level in the atmosphere, compared to pre-industrial
revolution era level, has increased from 280 ppm to 366

ppm [8].
No less important than environmental aspects are the
energetic and economic features of cultivation

technology. For the purposes of no-plough minimum
tillage or no-tillage systems plant the yield and the quality
are likely to be lower, but the costs of land cultivation and
sowing operations are also lower. In addition, recent
technological impact on the environment and biodiversity
is also more positive than conventional tillage.

Reducing the tillage and seeding operations and the
number of machines driving over the soil can significantly
reduce fuel consumption and thus greenhouse gas
emissions from the tractor/machinery agricultural units.
Research done in Germany demonstrated that burning
1.0 litre of diesel emits about 3.76 kg of gas into the
atmosphere [9]. The energy costs of implementing these
operations are an important variable for assessing the
pollution of tillage operation in Lithuania.

The aim of the work is to evaluate energy and
environmental aspects of deep and shallow ploughing,
deep and shallow hoeing, and no-tillage systems to
determine their technological energy efficiency.

MATERIAL AND METHOD
The research was carried out at Aleksandras
Stulginskis University Experimental Station with its mid
Lithuanian meteorological conditions and loamy soil in
2009-2012.
Five different technologies were researched in terms
of the energy and environmental impacts of tillage:
1. Uncultivated soil T no-tillage system (NT)
2. Shallow cultivating with a disc harrow at a depth
of 12-15 cm (SC)
3. Deep cultivating with a cultivator at a depth of 25-
27 cm (DC)
4. Shallow ploughing at a depth of 12-15 cm (SP)
5. Deep ploughing at a depth of 23-25 cm (control)
The purpose of choosing the traditional tillage
technology as the control was to be able to compare it
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with the four sustainable tillage technologies in terms of
energy costs and CO; emission.

The placement of research plots was random. The
original size of the plot was 126 m? (14 x 9 m), the size
for the observation plot was 84 m? (12 x 7 m). The
researches was repeated four times.

The Véaderstad Carrier 300 stubble cultivator was
used at all the fields, except for the NT; after the winter
wheat (Triticum aestivum L.) harvesting, NT technology
was used to spray each ha with 4 litres of Roundup
herbicide. Autumn tillage as described above was carried
out at the end of September or October depending on the
meteorological conditions.

Before corn (Zea mays L.) for sowing in all
technologies, with the exception of NT, the shallow
topsoil (6-8 cm) was tilled with a cultivator in spring. The
corn Pioneer P8000(x027) was planted at the beginning
of May. The seed rate was 100,000 per hectare with an
inter-row width of 45 cm. The entire corn field during
planting was fertilized with NPK 16:16:16 at a rate of 250
kg ha™. The Maister (150 g ha™ and Actirob (2 | ha™
herbicides were used for post-sowing weed control. In
late June, the corn was fertilized with ammonium nitrate
(NH4NO3), at a rate of 180 kg ha™*. The corn biomass was
harvested at the end of September or beginning of
October (depending on meteorological conditions).

Energy indicators were calculated in accordance with
the Lithuanian Institute of Agrarian Economics
recommendations developed for agricultural and other
companies, farmers, and other organizations providing
services to farmers carrying out agricultural work [10].
Because the average farm in Lithuania is about 14-15
hectares, the calculations reflect exactly such operating
scope for farm machinery under normal conditions, i.e.
proper contour and not rocky land.

Energy values were chosen in MJ for agriculture
assemblies, fuel, fertilizer, pesticides, and other inputs
based on scientific works published by various
researchers. Energy assessment assumes that the
energy value of work is 1.96 MJ h* [11, 12], diesel fuel is
39.6 MJ I'* [13, 14], agricultural machinery (including
automotive) is 1.38 MJ kg™ or 357.2 MJ h™ [15], corn
seed is 15.3 MJ kg™ [12, 16], herbicides is 295.0 MJ kg™
[11, 17], fungicides is 115.0 MJ kg’1 [11, 17], insecticides
is 58.0 MJ kg™ [11, 17], nitrogen fertilizer is 40.0 MJ kg™
[17], phosphate fertilizers is 15.8 MJ kg'l [14, 18],
potassium fertilizers is 9.3 MJ kg™ [14, 18], and the corn
harvest is 14.7 MJ kg [12, 16].

The EE energy efficiency ratio for different tillage and
corn growing technologies is determined by this formula
[19]:

EE

here Ep is the energy value of corn, MJ kg™; Y is corn
harvest, kg ha™; Eris the energy cost of one technology,
MJ ha™.

Total energy consumption for a particular technology
Er is calculated thus [3, 19]:
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Ey +Ean

ET = EF + ESFP — )

here Er is fuel energy costs, MJ ha™; Esee is seed
energy costs, fertilizer and pesticides, MJ ha™; Ey is work
energy costs, MJ h': Eam is agriculture assembly energy
costs, MJ h'%; FC is agriculture assemblies efficiency, ha
h™.

An environmental assessment of the different tillage
and corn cultivation technologies determines how much
fuel is required for individual mechanized operations and
the total fuel consumption for an entire technology to be
implemented. Based on the research results published by
other scientists [9, 20], burning 1.0 litre of diesel fuel
emits 3.76 kg of COy, including all of the tillage and corn
growing technologies researched.

The results are 95% reliable according to standard
statistical and mathematical methods for determining a
least significant difference [21].

RESULTS

Energy, performance, and economic evaluation
indicators for different tilling, sowing, spraying, fertilizing,
and other mechanized operations of agricultural
machinery are presented in Table 1.

FC
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Table 1
Energy and economic indicators of various agro-technological operations
) Machinery | Working width Field Working Fuel Operations
Agro-technological power (m) capacity time consumption costs
operation (kW) (hah™ (h ha™) (I ha™) (EUR ha™)
Stubble cultivation 83 3.0 1.41 0.71 10.7 30.1
Deep ploughing 67 1.05 0.52 1,92 24.5 53.1
Shallow ploughing 67 1.05 0.68 1.47 16.5 45.1
Chiselling 83 3.0 1.28 0.78 15.8 35.6
Discing 83 3.0 1.41 0.71 10.7 30.1
Pre-sowing cultivation 67 3.0 1.30 0.77 4.6 14.4
Fertilization 67 15.0 19.43 0.05 0.5 1.5
Conventional drilling 54 4.5 2.37 0.42 2.3 22.7
Direct drilling 83 3.0 2.24 0.45 6.9 25.4
Spraying 54 15.0 6.86 0.15 0.9 4.37
Fertilization 67 15.0 19.43 0.05 0.5 1.5
Harvesting 200 4.0 1.24 0.80 23.2 99.7
Diesel fuel consumption is one of the key factors that DyzeliniO degal O sunaud
have a major impact on both individual operations, as svarbiausi © veiksni O, dar
well as the entire corn growing technology in terms of atskir® technologini® oper

energy and economic costs. In assessing sustainable
tillage technologies, we established that compared with
the traditional technology (control) all other corn growing
technologies reduce diesel fuel consumption. Fuel costs
are similar when using sustainable SP, DC, and SC
technologies (about 53.4158.5 litres ha’l); however,
compared with the control technology fuel consumption
was 12.9 to 20.5% less (Figure 1). NT technology has
demonstrated the lowest fuel consumption (about 28.4
litres ha™).

In terms of individual technological operations, mostly
diesel (about 24.5 litres ha'l) is used in deep soll
ploughing. Diesel fuel consumed in tillage and sowing is
about 63% (about 42 litres ha'l) of all control technology
fuel. Researchers in other countries have obtained very
similar results. Long-term German research has shown
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that traditional tillage consumes about 35 litres ha'l,
various environmentally friendly sustainable tilling
methods from 14 to 25 litres ha™ and no-tillage systems
about 6 litres ha™ of diesel fuel [22]. Researchers in
Croatia analysed three different tilling and sowing
technologies: conventional, sustainable, and no-tillage
systems. They established that the conventional
technique consumes 48 to 61 litres ha™ of fuel for soil
preparation and sowing. By wusing a sustainable
cultivation technology, not ploughing, fuel consumption is

ISB:IN/ H:2015
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Fig. 17 Influence of tillage technology for corn cultivation on fuel consumption

Tillage is not only difficult work, but at the same time
very energy-susceptible, requiring high power machines.
Fuel consumption and hence greenhouse gas emissions
depend on tilling process parameters: the depth of tillage,
working width, speed, soil properties, etc. Evaluating the
different  corn-growing operations in terms of
environmental aspects, CO; pollution is the lowest using
NT technology. Analytical calculations show the following
for all the mechanized operations provided for by NT
technology for one hectare: agricultural machinery
(tractors, combine harvester) emit about 107 kg ha™ of
CO, (Figure 2) into the environment, while all other
simplified sustainable tilling technologies (SP, DC, and
SC) pollute twice as much. The control technology
produced the most CO, (about 253 kg ha'l).

Analysing mechanized corn production operations
separately we can see that the cleanest technology is
NT, because requires only one operation, which emits
about 26 kg ha® CO,. For the other tilage and sowing
technologies the pollution is between 4 (SC i 106.4 kg
ha™) and 6 (control i 158 kg ha™) times more than NT.
Sgrensen and Nielsen [25] states that NT reduces
energy consumption with 75-83%. CO; is similarly
reduced as an output of agricultural machinery compared
with the control technology. The fewer agricultural
operations there are, the lower CO; emission is.
Greenhouse gas emissions are strongly influenced by
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appropriate selection of agricultural machinery and the
optimal engine load [4].

During the agricultural  technology  energy
assessment, it is important to know not only the total
energy costs incurred, but also the amount of energy
generated by farme d production. sk
energy recovery was estimated based on the corn crop.
Assessing three survey years of corn averages yield, the
highest levels of energy were achieved by the NT and
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Fig. 21 Greenhouse gas CO, emissions from agricultural machineries under different tillage technologies for corn cultivation

Table 2

Yield and energy indicators for various tillage and corn cultivation technologies in 20107 2012 (average data)

Tillage technologies | Dry mass yield of Energy output of Energy inputs in corn Energy efficiency
corn Mg ha™ corn yield MJ ha™ cultivation MJ ha™ ratio EE

NT 15.39 226233 16153.5 14.0

SC 14.00 205800 17146.8 12.0

DC 13.40 196980 17373.9 11.3

SP 13.99 205653 17478.2 11.7

Control 15.25 224175 18127.9 12.4
The calculation of values for each corn-growing Apskailiawnai kitekviai k u
technol ogyébs etiore revggaled that usderi t echnol ogi j ai tenkanlias ¢
Lithuanian condi t i ons di f f er enermgy kad Li etuvos sKIygomg® techr

consumption ranged from 16.15 to 18.13 GJ ha™. By
comparison calculations of sugar beet technology energy
efficiency in Germany showed that total energy
consumption was from 11.1 to 35.8 GJ ha™ [14].

In all the corn growing technologies, the fertilizer and
the diesel fuel accounted the majority of energy
consumption. In the traditional control technology it is
about 70% fertilizers and 15% fuel, while for NT it is 78%
and 7%.

Energy efficiency balance calculations show that the
best energy efficiency ratio (14.0) is achieved using the
NT technology. The energy efficiency ratio was 12.4 in
the control technology when deep tillage ploughing was
performed.

CONCLUSIONS

Fuel consumption research have determined that
sustainable tillage technologies expend 12-58% less
energy than deep ploughing.

In the control technology (deep ploughing) agricultural
machines emit an average of 253 kg ha™ CO,. The
sustainable technologies (SC, DC, and SP), emit 2 to 22
% less CO,. NT technology pollutes the least with a rate
of CO; emission 2.4 times lower than the control
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technology.

Having evaluated the technological energy
consumption with energy efficiency calculations and
energy generated from the corn crop, the optimum
energy efficiency ratio (14.0) is achieved using the NT
technology. The conventional deep ploughing has an
energy efficiency ratio of 12.4.
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DEVELOPMENT OF MECHATRONIC DIBBLING MACHINE FOR IMPROVING THE QUALITY
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Abstract: A forestry nursery in Tokoroa, New Zealand
grows approximately 3 million Radiata pine seedlings per
annum of which about 65% (2 million) are of suitable
quality for forestry plantations. The high rejection rate of
35% was attributed to poorly trained, seasonal workers
and unsophisticated equipment. It was estimated that
about 22% of seedling rejection (approximately 220,000
per year) was due to poorly dibbled holes that caused
bends in the stems. The bends occurred when planters
pinched the stems of the seedlings in an attempt to make
them vertical. A research and development project was
undertaken to develop a mechatronic dibbling machine
that could produce vertical holes of specified depth. The
machine also had to produce 120,000 holes per day and
be flexible with regard to spacing and size. The
completed mechatronic dibbling machine was tested at
the Tokoroa nursery and produced 98% of the holes at
the required angle and 100% of useable depth.
Harvesting, the following season, showed that the
unwanted stem bends had been eliminated with a
subsequent reduction in rejects. Furthermore, it was
found that worker productivity increased by
approximately 10% as they did not have to spend time
setting seedlings vertically.

Keywords: forestry, dibbling, mechatronic, cuttings,
seedlings, machinery

INTRODUCTION

A forestry nursery located in Tokoroa, New Zealand
supplies approximately 3 million Radiata Pine seedlings
per year to the forestry industry. Once harvested, the
seedlings are transported to forestry blocks for planting.
The vast majority of seedlings (over 90%) are Radiata
Pine as shown in fig.1, but larger seedlings such as Plug
Plus and Douglas fir are also grown. In peak season, up
to 120,000 Radiata Pine seedlings per day are planted.
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This spiked wheel dibbling process, though fast,
produced non-circular holes due to the rotation of the
spike in the soil. In the forestry nursery this is called
6 t e a and theplan shape of a spiked wheel produced
hole is represented in fig.3. Consequently, when juvenile
seedlings were planted in the non-circular holes they did
not stand vertically as required

Each Radita Pine seedling requires a vertical hole, +/-
3 degrees from vertical, lateral spacing of 80mm (+/-
2mm), longitudinal spacing of 125mm (+/- 2mm) and hole
of 10mm (+/- 0.5mm) diameter of depth of 40mm (+/-
3mm). These requirements were given by the nursery
manager and are based on experience. As approximately
90% of holes are for Radiata Pine, this research
focussed on improving the quality of Radiata Pine holes.
Once the holes are produced, juvenile seedlings are
manually planted in the holes. The process of producing
holes for planting seedlings is called dibbling. To
compensate for rejects, the nursery had to plant
approximately 5 million seedlings to achieve a yield of 3
million. Poor quality holes, caused by antiquated dibbling
methods, was one of the major causes of inconsistent
quality. Formerly, dibbling for Radiata Pine was achieved
using a spiked wheel towed behind a tractor as shown in
fig.2. The spiked wheel method could not meet the
required hole specification under any conditions.

Fig. 21 Radiata Pine dibbling mac hine

To compensate for this, planters manually set each
juvenile seedling visually. They then used their fingers to
gather the soil around the stem to fix it in position. It was
found that the manual setting caused bends in the stems,
accounting for approximately 22% (220,000 per annum)
of rejects. Furthermore, the Plus Plug and Douglas Fir
seedlings required manual dibbling as the holes were too
large to be produced by a spiked wheel. This was labour
intensive and therefore costly. To overcome these
problems, research was undertaken at the University of
Waikato into the feasibility of a mechatronic dibbling
machine.

Automated and has been

dibbling seeding
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investigated by a number of researchers. Commonly,
spiked wheels are used for dibbling holes, especially for
seed planting and are often combined with an integrated
seed dropping mechanism [3, 4]. Whereas this is
effective for seeds, it is not viable for planting juvenile
seedlings due to dearing6of the holes by the spike.

Investigations into plunger type dibblers and seeders
as alternatives to the commonly used Coulter drill have
been undertaken [1, 6]. However, the emphasis of that
research was on how to make a hole and drop a seed in
it rather than producing holes to meet a defined
specification for planting seedlings. Furthermore, these
dibblers lacked the flexibility and speed required for the
forestry nursery.

Lawrence et al [5], developed a dibbler using
microprocessor control that offered greater opportunity
for varying hole spacing too suit a range of crops. They
found that using the new design, 96% of the hole spacing
for potatoes and 98% for onions were within the required
+/-10% specification. This flexibility and controllability
highlights the advantages of using computer technology
compared to purely mechanical systems. However, their
system was not suitable for forestry nurseries as the
holes have to be deeper and straighter for forestry
seedlings and they had no method of achieving this.

Consequently, it was found that no dibbling machine
existed that met the requirements of the forestry nursery
and therefore a new machine had to be developed.

MATERIAL AND METHOD

Firstly, a detailed investigation of dibbling and
associated issues was undertaken in close collaboration
with the forestry nursery managers. One requirement
from the managers was that they wanted drilled holes,
not punched. This was because punched holes compress
the soil and inhibit root growth. Laboratory experiments
were undertake to determine the best drilling speed, drill
types and power for a range of soil conditions. Five
seedling trays, each comprising forty eight cells were
filled with nuresry soil. The soil was then compacted until
it resembled the soil consistency in the nursery for a
range of conditions from wet to dry. It was very difficult to
quantify these conditions so they were based on the
experience of the nursey manager. An electric drill was
used for the testing and was modified such that its speed
could be controlled over a range from approximately 100
to 3000 rev/min. This was achieved using voltage control
with a switching DC power supply. The drill speed was
measured with an optical tachometer. A scissor
mechanism was used to keep the drill vertical during
testing. It was found that for Radiata Pine, the optimal
drilling speed was approximately 1000 rev/min with a
10mm auger drill. At 1000 rev/min, the drilling left soil at
the edge of the hole that planters could use to set the
seedling. Furthermore, the centrifugal force on the dirt
ensured the drill did not clog with soil. The vertical drill
speed was approximately 0.25m/s. The drilling power
consumption was found from the product of the current
and voltage and at optimal speed, in dry soil conditions
was approximately 2W. The mechatronic dibbling
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machine had to be towed by an existing nursery tractor in
a continuous process. Also, only the tractor driver was to
operate the dibbler and it had to be easily reconfigured to
accommodate a range of sizes and hole spacing.

In order to achieve the requirements, the machine had
to produce straight vertical cylindrical holes whilst the
machine was being towed behind a tractor driving at
variable speed. The speed of the nursery tractor when
driving with a creeper gearbox was between 0.2 to 0.4
m/s. Even in lowest gear, the speed variation of the
tractor would have led to poor quality holes unless there
was some sort of closed loop control that linked the
dibbling to tractor speed.

To achieve closed loop control, a programmable logic
controller (PLC) coupled with sensors and precision
pneumatics was used. A rotary encoder was mounted in
a roller at the front of the dibbler. Therefore, the rotational
speed of the roller was directly proportional to the
horizontal speed of the tractor. The PLC then calculated
the instantaneous speed requirement of a horizontal
pneumatic cylinder such that it would match the tractor
speed. A control signal was then sent to a Norgren
pneumatic speed control valve. A horizontal, speed
controlled pneumatic cylinder then moved forward at the
speed of the tractor.

As the cylinder moved horizontally, a second
pneumatic cylinder, with 16 rotating drill bits, descended
to drill the holes. The matching of the horizontal cylinder
speed with tractor speed ensured there was zero relative
velocity between the vertical drilling cylinder and the
planting bed. Once the holes were drilled, the vertical
cylinder lifted the drills from the bed and the horizontal
cylinder rapidly returned the starting position ready for
another cycle. The entire cycle took approximately 1
second.

It was found that to achieve the 120,000 holes per day
and given the limitations of the pneumatics, that 16 drill
bits were required. An arrangement drawing of the
mechatronic dibbler is shown in (fig.4).
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Fig. 41 Arrangement of mechatronic dibbling machine concept

Even though this was a research exercise, the nursery
wanted to permanently replace the spiked wheel dibbler
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with the mechatronic dibbler prototype. Therefore, extra

design criteria were added to the original mechatronic

dibbler requirements as listed below:

1 Must be able to operate in all weather conditions i
as dibbling is done in winter, weather conditions
include hard frosty ground, severe wind and rain with
associated mud.

Easy repair and maintenance.

Easy and fast transportation from the storage
building to the planting beds (up to 1.5km).

Easy movement from one bed row to the next.
Minimal disturbance to the bed surface, to protect
the pesticide layer.

To accommodate these extra requirements the

machine used components such as electronics and

bearings rated to Ingress Protection (IP 67). This allowed
the machine to operate in severe weather conditions and
be easily cleaned by waterjet at the end of each day.

For easy maintenance and repair, only high quality,
respected brand components were used. Therefore, If a
component failed it could be easily sourced and replaced.
Non-bought in components were manufactured directly
using laser cutting which is fast and readily available in
New Zealand.

Rear wheels were added that kept the machine stable
when in use but also robust enough for transportation.
The machine had hoist attachments so it could be easily
connected to a hydraulic tractor hoist for lifting the front
for movement from storage to bed and bed to bed.

A front roller provided support and was also used for
sensing forward speed without disturbing the pesticide
layer.

Once the concept was agreed by the nursery
managers, detail design was undertaken using 3D
computer aided design (CAD). This was combined with
computer aided engineering (CAE) tools to undertake
stress calculations using finite element analysis (FEA) to
ensure machine robustness. CAE dynamic tools were
also used to ensure the machine could achieve the
required speed.

The final design was manufactured using Computer
Aided Manufacture (CAM), assembled and
commissioned by t he Uni versit
AgriEngineering Research Group.

= =4

= =

RESULTS

The completed mechatronic dibbler was tested on site
at the Tokoroa nursery and achieved the 120,000
required holes per day. The finished dibbler in operation
is shown in fig. 5.
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For the mechatronic dibbling machine, a sample of dz|zr dZ‘”g sfte]H mﬁz@dzduzri &g dd
100 holes was used to determine the consistency of the . gg 5o O'Ilstsjtsdi Ld;s's@*: qldsp hnaifdm@@t‘gztifzgzl
depth and angle. As the vast majority of holes were for 1 sMStsd Ck fSHOo dzw e h jj B
Radiata Pine, they were used in the sampling. A simple ~ d MY & dzj Isifipy ts f) O WPiQU$ radiata, tsdad ¢
measuring system was built that comprised a rod of ggi;gbh 5o c?lsz(riy teaq’ " Jg dozluézgvlvs o Jﬁ] t‘
10mm diameter, a protractor for measuring hole angle fyls j oy dav HdOM®) stets B 10 B3,
and a rule for measuring hole depth, see fig. 6. The dL d3j teJ dgd W z ¢ dz€@ad dzpl2 eeefe Jdts_;d;{t
scales of the measuring system could be read to +/- 1mm fc;(]?fzf?j E d 332: dgslfsdgzgdfztg.) 6'Bi?mf4dzrmﬁqg]t; a3 tlsG
and +/- 0.5 degrees. 100 holes were randomly chosen 1 & iiO +5 GELOHEMGS . 100 udzlz d
from a mechatronically dibbled bed. The rod was inserted 9" BtcOdz m GGWHT , 7 s fMmdzj
in the holes and depth and angle ready by eye. The ©BtOBBBEtey | dz sOCx 4§ oMmisc

. o fMHj &zOdzder §| 20O G dzOL, Hdzv s5¢z6
results from the testing are shown in (fig. 7). 20 ¢ s &0 tjLkd kOl it s
te d ftfig. 7).
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Fig. 6 1 Measuring device for hole depth and angle

The basic requirement was that holes for Pine Radiata
were 40mm +/- 3mm deep and +/- 3 degree angle from
the vertical. Due to the lack of resolution of the
measurement method, many of the 100 measurements
had the same value.

It can be seen that the even with the uneven planting
bed, the dibbler achieved 76% of holes within the +/-
3mm tolerance. Only 2% of holes are outside the
required +/- 3 degree angle. The average hole depth was
39.7 mm and angle 1.3 degrees with standard deviations
of 3.3mm and 1.1 degrees respectively. With regard to
the angle, this is at least an order of magnitude better
than the spiked wheel dibbled holes. It was found that all
the spiked wheel dibbled holes were outside the
requirements. The nursery managers were confident that
even the 24 holes outside the depth tolerance would
produce saleable seedlings, suggesting that the +/-3mm
tolerance should be increased to +/-5mm.

It was observed that the uneven surface of the
planting bed caused varying hole depth and angle. This
was because the machineds
one place on the bed whereas there are 16 holes, each
in different places. Furthermore, it was also observed that
the level of the bed was not even.

Even though the hole data provides useful information
on quality, the best indicator is the position of the juvenile
seedlings when placed into a mechatronically dibbled
hole and spiked wheel hole respectively. Fig. 8 shows 5
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Fig. 77 Hole depth v hole angle for mechatronically
dibbled Radiata pine seedlings
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juvenile seedlings in holes made by the spiked wheel
dibbler. It can be seen thatthe o6t ornd ho
vertical seedlings. These then have to be manually set to
the vertical position. It can also be seen that the surface
of the planting bed is ver
effect of the spikes.

Fig. 81 Juvenile seedlings in spiked wheel dibbled holes

Fig. 9 shows 5 juvenile seedlings placed in holes
made by the mechatronic dibbler. It can be seen that all
the seedlings are vertical and of even height. The nursery
managers decided that all holes produced by the
mechatronic dibbler, including those outside their original
specification, were suitable for planting.

It can also be observed that the bed surface is far less
disturbed than the spiked wheel bed surface. This
highlights the superior quality of the mechatronic dibbling
process. An unexpeted advantage of the mechatronic
dibbler was that planter productivity increased by
approximately 10% because they did not have to spend
time setting the seedlings vertical.

The mechatronic dibbler has now been operating for
three seasons and has produced several million holes.
The bent stem problem has been eliminated and planter
productivity increased.

CONCLUSIONS

A Tokoroa forestry nursery in New Zealand was
suffering approximately 220,000 per annum seedling
rejects due to poorly dibbled holes. A research and
development project was under taken by the University
of Waikato to develop a mechatronic dibbling machine
that could produce good quality holes at the required
rate and also be flexible with regard to spacing and hole
sizes. Furthermore, the nursery wanted the dibbling
machine to be towed by a tractor operating at close to a
constant speed, to ensure a continuous system.

To achieve the requirements, a computer controlled
mechatronic dibbler was developed. The dibbler used
an encoder on a roller to provide feedback of the tractor
speed to a PLC. This then provided a closed loop signal
to a horizontal pneumatic cylinder that matched the
forward speed of the tractor. The holes were then drilled
by a second vertical pneumatic cylinder with 16 drill bits.
The relative horizontal velocity between the bed and
drill bits was zero. After drilling, the cylinders rapidly
returned to the start position to begin the process again.

The completed dibbling machine was tested at the
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Fig. 91 Juvenile seedlings in mechatronically dibbled holes
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Tokoroa nursery and performed as expected, producing
98% of holes at the required angle and 76% at the
required depth. All the holes were considered good
quality by the nursery manager suggesting that the
current depth tolerances should be increased to +/-
5mm, especially when considering the uneven surface
of the planting bed. The machine is now fully
commissioned and dibbling holes on a daily basis at the
nursery.
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Abstract: In this review, the energy consumption is
examined in agricultural sector of Turkey. Several
indicators are defined to evaluate for energy consumption
in agriculture and some considerations are made taking
into account these indicators. Energy conservation
measures for the agricultural sector and suggestions for
energy use are given. Energy used per cultivated area in
Turkish agriculture is calculated as 82245.95 TOE/TL in
the period of 2000-1010 years. Petroleum and electrical
energy consumed per cultivated area in Turkish
agriculture was 3996.83 thousand TOE and 4991 GWh
respectively, in the period of 2000-2010 years.

Key words: Agriculture, Energy use, Turkey.

INTRODUCTION

The agricultural sector produces agricultural raw
materials needed for industry and contributes to the
economy more than other sectors in Turkey. Some
indicators like as national income, population and active
population shares in domestic and foreign trade are
taken into account in order to determine the importance
of the agricultural sector in the national economy.
Individual sectors constitutes the overall gross domestic
product (GDP) are considered separately, the
importance of this situation is emerging more clearly.
Because of the great agricultural potential of Turkey,
this situation has a special importance in the overall
economy.

In the recent years, energy use and associated
greenhouse gas emissions and their potential impacts
on the global climate change have been the worldwide
concern. Improving the end-use energy efficiency is one
of the most effective ways to reduce energy
consumption in the industrial, commercial,
transportation, utility, residential and agricultural sectors
and their associated pollutant emissions [5]. Energy use
in the agricultural sector depends on the size of the
population engaged in agriculture, the amount of arable
land and the level of mechanization. Effective energy
use in agriculture is one of the conditions for sustainable
agricultural production, since it provides financial
savings, fossil resources preservation and air pollution
reduction. The detailed studies based on the agricultural
products and production systems and the total energy
use have been conducted in the agricultural sector of
the different countries. Considerable reviews have been
performed on energy input and output in agricultural
production of regional and across the countries of world
[1-25].

In the world of today's industry, the usage of energy
and energy resources have crucial value. While the
amount of natural resources (especially fossil fuel
resources) has been decreasing, the damage to the
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natural environment has been increasing with different
types of pollution. Additionally, the technical
improvements for the energy conversion can not be
carried out as effective as it is needed. In order to
determine the level of future energy production and
consumption in developed and developing countries,
many factors are to be considered, such as population
growth, economic productivity, consumer habits and
technological advances. The style of energy sectors
management will play an important role for the future of
energy production, consumption and distribution.
Careless use of energy resources and their scarcity,
resulting unwanted side effects, so energy consumption
must be planned and evaluated carefully and
accurately. The benefits of the right evaluation of the
energy consumption in agricultural sector can be
summarized as follows:
(1) To ensure the usage of energy resources more
effectively,
(2) To determine true value of losses and wastes of
which types and places in the cultivation systems,
(3) To reduce inefficiency in current cultivation
methods and develop more efficient methods,
(4) To ensure sustainable development by targeting
the use of energy resources in a sustainable
manner,
To determine the priorities of energy sources those
have high and low quality in terms of their usage
areas and benefits,
To identify the areas that improvements can be
achieved by using effective technologies.
In this study, the energy consumption in Turkish
agriculture has been investigated. In order to assess the
energy consumption in agriculture, some indicators for
energy use in agriculture was defined and evaluations
was made considering these indicators for Turkish
agriculture. Some conclusions related to energy use in
the agricultural sector and energy conservation
measures have been provided.

©)

(6)

AGRICULTURAL SECTOR IN TURKEY

Agricultural gross domestic production (GDP) is a
indicator of the contribution of the agricultural sector in
the national economy, in other words the importance in
national economy. The agricultural GDP determined by
Turkey Statistical Institute (TSI) agricultural is calculated
by the production method. The share of agricultural
GDP in national economy reveals the magnitude of this
contribution. The GDP in the production of goods and
services is the basic parameter of economy efficiency.
Similarly, the production of goods and services related
to agriculture determine the performance of the
economy in terms of the agricultural sector. This
performance only shows the direction of agricultural
production. The contribution of the agricultural sector to
service production and other sectors of the economy
indicates the importance of agriculture for the national
economy.

In Turkey, the share of agricultural production in the
GDP is given in Table 1. While the share of agricultural
production in the GDP was 10.1% in 2000, it declined in
20009. In this period, Turkey has continued the economic
transformation from agriculture sector towards industry
and services sectors. Despite the fall in the share of the
GDP, the agricultural production of Turkey has been
increasing since 2000. The amount of production
reduced due to drought in 2007, started to rise again
from the beginning of 2008. In 2008, the agricultural
production which was 73 billion TL, it was reached to 79
billion TL in 2009 (Table 1) (1 TL= 3.0317 euro=2.2087
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UsD).

According to harmonized data of the TSI in Turkey,
in the period between 2000 - 2010 the share of
agriculture in GDP is given in Table 1. While the value
of agricultural production at current prices was 16.832
billion TL in 2000, it increased to 88.299 TL billion in
2010. Despite this increase, while the share of
agriculture in GDP in 2000 was 10.1% it reduced to 8%
in 2010. The average share of agriculture in GDP has
been determined as 8.89% in 10-year period between
2000 and 2010. The amount of energy consumed in
agriculture per Turkey's agricultural production value
has followed a path parallel to the increase in
agricultural production value. While it was 182568.9
TOE/TL in 2000, it has raised to the value 57633.72
TOE/TL in 2010. Energy consumed in agriculture per
the value of agricultural production was calculated as
82245.95 TOE/TL in the period of between 2000 and
2010 (Table 1).

1SB:IN/ -H: 2015
2000-2010 yeéllare araséndaki
i -indeki payé ¢izelge 106de
yél énda tardensadi ,,rka ., 8n3 2
2010 yeéelénda 88,299 WMilyar
artéka raj men, taréemén GSY
% 10.1 oranéndan % 8 o260
yéll ar e araséndaki 10 y él
icindekipay @ ortalama % 8.89 ol
T¢e¢rkiyedde tar émsal iret
t¢eketilen enerji mi ktar &,
par al el bir seyir iz 1182568,%
TEP/ TL i ken, 5266372 TER/A Eln dnd
yéksel mi k200 w®&I0oI0ar & ar as
bakéna tarémda t ¢ ket i I82459%
TEP/ TL ol arak heslpl anméxt

Table 1

The share of agricultural production in the GDP in Turkey (TSI, 2014)

The gross domestic The share of agricultural Agricultural Energy use in agriculture/
Years product (GDP, Billion production in the GDP at current production Agricultural production
TL) prices (%) (Billion TL) (TOE/TL)
2000 166.658 10.10 16.832 182568.9
2001 240.224 8.80 21.139 140214.8
2002 350.476 10.30 36.099 83935.84
2003 454.780 9.90 45.023 68542.74
2004 559.033 9.50 53.108 62401.14
2005 648.931 9.40 60.999 54755.00
2006 758.390 8.30 62.946 57318.97
2007 843.178 7.60 64.081 61547.10
2008 950.534 7.60 72.240 71622.37
2009 952.558 8.30 79.062 64164.83
2010 1103.749 8.00 88.299 57633.72
Mean 8.89 82245.95
Turkey's agriculture sector, as of March 2010, 5.2 million T¢e¢rkiye tarem sektor ¢, 2 (
people were provided employment. This figure is milyon kikiye i sti hdam
corresponding to approximately 24% of total employment Téerkiyeododeki toplam istihd
in Turkey. Agricultural employment from 2000 u_ntll _the Karkel &k gel mektedir. Tar
first quarter of 2010 has fallen nearly 33%. Taking into L . .
: i i L 3 2010 yeéelénéen il k - & r3e3 imre
account the increase in agricultural production in this S _ ; o
period, it is observed that productivity in agricuture 9 ¢K¢K yakaméxktér. Bu d°ne
sector increased. Due to economic development is a al éndejénda, tarem sekt?®
natural consequence of the process, the ratio of g°sterdiji g°r¢lmektedir.
agriculture production value to national income was oransal ol ar ak azal mase,
reduced proportionally. However, in those countries that doj al bir s onu ckuidkuirl.e rAmc ad
provide income from agriculture, this sector is important sajlayan ¢l kelerde, bu sek
for the economy.
I
ENERGY USE IN TURKISH AGRICULTURE I ' ?L(IKY E 6 ;QORII 1Ml| ;\l D@Al IEaNr EéR J Ka ; -;
In Turkey, in the period between 1990- 2011, total energy ¢ y ) o
consumption in the industrial and agricultural sectors and S a[‘ ay! V_ e tarem S ? k”t . r_ I e .r
value share in total energy consumption in this sector is dejerleri ve bu =g Kiketimirdeki
given in Table 2. In Turkey in the 1990s, while the share P ayl ar e Tabl o 26de ver il mi
of agricultural sector in total energy consumption at the tarem sekt°r¢négn toplam el
5% level, after 2008 it have reached a higher level than d¢zeylerinde i ken, 2008 'y
6%. In this period, while the share of total energy yéksek d¢zeyl ere ul akméxkt é
consumption in the industrial sector was 37.85%, the sektoriniin toplam enerji te¢keti min
share of the agricultural sector amounted to be 5_.35% 37.85 i ken, tarem sektorg
(Ta_ble 2). In orde_r to assess the energy consumption in ger-ekl ekmi kt Tar &nidaab | e n e2r)]
agriculture, some indicators was defined in Table 3. R . . . . . .
dejerlendirilebil mesi -
Ol - ¢t eri tanémlanméxkt ér .

35


http://tureng.com/search/at%20current%20prices
http://tureng.com/search/at%20current%20prices

INTERNATIONAL SYMPOSIUM 1SB-IN/ H' 2015
Table 2
Energy consumption in industry and agriculture in Turkey (TSI, 2015)
Energy consumption
(Thousands TEO) The share of the total
Years TOE: tonne of oil equivalent energy consumption (%)
(1 TOE = 11.63 MWh =41.87 GJ)
Total Industry Agriculture Industry Agriculture
1990 52987 14543 1956 35 5
1995 63679 17372 2556 35 5
2000 80500 24501 3073 40 5
2001 75402 21324 2964 38 5
2002 78331 24782 3030 42 5
2003 83826 27777 3086 43 5
2004 87818 28789 3314 42 5
2005 91576 29396 3340 40 5
2006 77441 30996 3608 40 4.66
2007 82747 32466 3944 39 4.77
2008 79559 25677 5174 32 6.50
2009 80574 25966 5073 32 6.30
2010 83372 30628 5089 37 6.10
2011 86952 30830 5755 35 6.62
Mean 37.85 5.35
Table 3
Some indicators for energy consumption in agriculture
Indicators Units
The total energy consumed per the cultivated area TEO/ha
The total energy consumed per the sowed area TEO/ha
The total oil consumed per the cultivated area TEO/ha
The total electricity consumed per the cultivated area MWh/ha
The total amount of energy consumed in fertilizer
production per cultivatedgeilrea TEO/ha
The tote_tl amount of energy consumed per agriculture TEO/TL
production value (agricultural GDP)

The total energy consumed per cultivated and sowed Terkiyeditdd 1N 9Y@E I drmda&ki ard
farmland in the period between 1990 and 2011 years in i Kl enen Ve ekil en tarém &
Turkey is given in Table 4. The total energy consumed ener ji dejerleri Tabi60@Oot¢
per cultivated and sowed farmland were 0.072 TOE/ha araséndaki 10 vyell ék d°ne
and 0.136 TOE/ha, respectively in 10-year period al anlarée bakéna t¢ketilen
between 1990-2000. The total energy consumption per ol ar ak s @ akERéhy vea0.186. TEP/ha olarak
cultivated and sowed farmlands regularly increased ger-ekl ekmi ktir. Kkl enen v
after 2005 until 2011. In this period, on average, the t¢eketilen toplam enerji de
values of these indicators were 0.209 TOE/ha and 0.275 yél éna kadar d¢gzenli ol ar a
TOE/ha, respectively. The total energy consumed per d°nemde ortal ama ol arak ve
cultivated and sowed farmland in 21-year period 0,275 TEP/ ha olarak ger-ek
between the years 1990-2011 were calculated on Kkl enen ve ekilen tarém a
average 0.164, TOE/ha and 0.216 TOE/ha, respectively. ener ji dejeri ortal ama ol ¢

The main primary energy consumed in Turkey's 0,216 TEP/ ha ol arak hesapl
agriculture consists of oil, electricity, natural gas, and T¢e¢rkiye taréménda t ¢ kaijier
geothermal heat and the other heat sources. While the petrol, el ektrik, doj al ga
oil consumption per the cultivated area was 0.135 ol ukmaktadér . Tarémda ikl e
TOE/ha in 2006, it increased to 0.234 TOE/ha in 2011 t ¢keti mi dejeri 2006 yele
(Table 5). Similarly, while the number of tractors and i ken, 2011 yelénda 0,234
combine harvesters were1037383 tractors and 12359 (Tabl o 5). Bentzreark t ek ivied eb
combine harvesters in 2006, these figures increased to da séraseéeyl a, 2006 yeleéenda
of 112500 tractors and 14313 combine harvesters in adet bi -erd®°ver i ken, 2011
2011 (Table 6). In this period, electricity consumption 14313 adet bi-erd°ver ol ar
per the cultivated area is realized in a variable manner. Belirtilen d°nemde, i K1 emke
In the period between the years 2006-2011, the total oil t ¢keti mi deji kken bir K e
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and electricity consumption in Turkish agriculture were taréméndie2,0112006e1 | ar & ar a
on average 3996.83 thousand TOE (46483.13 GWh) i Kl enen tarém al ané bakén
and 4991 GWh, respectively. During this period, oil and ortalama olarak séraséeyl a
electricity consumption per cultivated agricultural area, ol ar ak b e |Petollve elektrik<tiikétimi. ortalama
were on average 0.185 TOE/ ha and 0.302 MWh/ha, ol arak seéraséeyl a, 0,185 TE
respectively. hesapl anméxkteéer .

Table 4
The energy consumed per cultivated and sowed farmland in agricultural sector of Turkey (TSI, 2015)
Energ_y . The cultivated The sowed The total energy The total energy
consumptlon n consumed per
Years agriculture farmland farmland cultivated farmland consumed per sowed
(Thousands TEO) (Thousands ha) | (Thousands ha) (TOE/ha) farmland (TOE/ha)
1990 1956 24827 18868 0.078 0.103
1995 2556 24373 18464 0.104 0.138
2000 3073 23826 18207 0.128 0.168
2001 2964 23800 18087 0.124 0.163
2002 3030 23994 18123 0.126 0.167
2003 3086 23372 17563 0.132 0.175
2004 3314 23871 18110 0.138 0.182
2005 3340 23830 18148 0.140 0.184
2006 3608 22981 17440 0.156 0.206
2007 3944 21979 16945 0.179 0.232
2008 5174 21555 16460 0.240 0.314
2009 5073 21351 16217 0.237 0.312
2010 5089 21384 16333 0.237 0.311
2011 5755 20539 15712 0.280 0.366
Mean 3711.6 22977.3 17476.9 0.164 0.216
Table 5
Energy consumption of agricultural sector in Turkey
O . .. | Thecultivated | The sowed Oil consump/ Electricity consump./
il Electricit ; d
Years (1000 TOE) | y (GWh) area area The cultivated area The cultivated area
(1000 ha) (1000 ha) (TOE/ha) (MWh/ha)
2006 3119 4411 22981 17440 0.135 0.252
2007 3397 4981 21979 16945 0.154 0.293
2008 4304 5806 21555 16460 0.199 0.352
2009 4218 4879 21351 16217 0.197 0.300
2010 4134 5509 21384 16333 0.193 0.337
2011 4809 4360 20539 15712 0.234 0.277
Mean 3996.8 4991 21632 16518 0.185 0.302
Table 6.
The number of tractors and combine harvesters in Turkey (TSI, 2015)
Years The number of tractors The number of combine harvesters
2000 941835 12578
2001 948416 12053
2002 970083 11539
2003 997670 11721
2004 1006065 11519
2005 1022365 11811
2006 1037383 12359
2007 1056128 12775
2008 1070746 13084
2009 1073538 13360
2010 1096683 13799
2011 1125001 14313
One of the important energy input is indirect energy Tarémsal ¢retimde ©°nemhiide

consumption used to produce fertilizers in agricultural gébre sreti mi i -in kul |l a
production. In Turkey, natural gas is used mainly in ol ukturmaktadeéer . T¢e¢rkiyeodc

fertilizer production process. In the period between 2006 -ojunlukl a doj al gaz kul
and 2011 in Turkey, the amount of energy consumed in 2006-2011 yeéellaré araséndaki

the production of fertilizers and energy consumed in the t¢eketilen enerji adiakn abdwme
production of fertilizers per the cultivated area are given sretiminde kull anél an ener
in Table 7. veril mi ktir.
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While the total energy consumed in the production of
fertilizer was 201.4 thousand TOE in 2006, it has
increased to 650.4 thousand TOE in 2011.In this period,
the total energy consumed for the production of fertilizers
per the cultivated area was averagely 0.01 TOE/ha.
Although the total production capacity of fertilizer factory
in Turkey will be enough to level of fertilizer consumption,

1SB-IN/ H' 2015
G¢e¢bre ¢retiminde teoketile
201,4 bin TEP dejerinde i
TEP dejerine y¢gksel miktir.
tar ém al ané bakéna ge¢bre
toplam enerji mi ktar é or -
ger-ekl ekmi ktir. i1 kemi zde

Uretim kapasiteleri giibre tiketimimize yetecek dizeyde

because of the economic reasons (energy-raw materials- ol maséna raj men, g ¢ b r &onorila
cost) t he fertilizer fact nedenlerle (enerji-ham madde-maliyet) tam Uretim
production capacity. The average production capacity of kapasitesi ile -alékmayép.,
the fertilizer factories is 60 % in Turkey. Therefore, the -al @ékmal ar é ham madde it
fertilizers demands in agriculture sector of Turkey are met edilerek ¢l kemizin ge¢gbre i
by fertilizers import instead of raw material import.
Table 7
Energy consumption in the production of fertilizers in Turkey
. The total ener
Years Qil Electricity Natural gas Tr(]:?)r:(;tuar:qzrt]iirr?y The c:rléglated cons_umpt./gy
(1000 TEO) | (1000 TEO) (1000 TEO) (1000 TEO) (1000 ha) The cultivated area
(TOE/ha)
2006 7.4 44 150 201.4 22981 0.009
2007 5 17 0 22 21979 0.001
2008 7 22 214 243 21555 0.011
2009 5 20 26 51 21351 0.002
2010 4 12 64 80 21384 0.003
2011 5.5 26.6 618.3 650.4 20539 0.031
Mean 5.65 23.6 178.7 208 216315 0.01
CONCLUSIONS SONU¢ VE ¥NERKLER
The structure of agricultural holdings in Turkey should Turkiye, 0zellikle verimlilik ve rekabet gicunin
be required to improve the efficiency and competitive with art masdmégasak etkin tekno
the effective use of technology. In Turkey, although i Kkl etmel erinin yapésénén i
fertilizer consumption has showed a rapid increase, due de ge¢broe teketi mi, uygul
to the support and encouragement, the rate of increase sayesinde hézleé bir artecx
has slowed in recent years. Growing population and yéll arda arték héengfwuyavatwl
changing eating habits is inevitable to increase besl enme al ékkanl ekl ar é
agricultural  production. To increase agricultural ka-énéel maz kel maktadeéer . T
production, it is necessary that increasing productivity gébre, kaliteld tohum ve

obtained from the unit area using the fertilizer, quality
seeds and emerging technologies, minimization of
production losses, to achieve farm size for economic
production and farmers' awareness. Because of the
excessive and unplanned use of fertilizers is a clear
negative impact on quantity and quality of products and
the environment, fertilizer consumption should be
controlled and planned. Adhering to the principles of
sustainable agriculture, use of correct type and amount
fertilizer is critical to prevent damage of the fertilization on
the environment. The most effective way to apply the
correct type and quantity of fertilizer is based on the soil
and plant analysis.

In recent years, energy use, greenhouse gas
emissions and their potential effects on global climate
change is one of the most hotly debated topics. Problems
with the use of energy, is not only limited to global
warming. The environmental issues such as air pollution,
acid rain and ozone depletion are closely related energy
use. Environmental effects caused by the use of energy,
to be at the lowest level, all of the mentioned subject
should be considered together. Increasing energy
efficiency is important in terms of environmental impact
assessment of energy sources. The efficiency of system
should be increased to use less energy and to harm the
environment at the lowest level. Because of the scarcity
and careless use of energy resources resulting unwanted
side effects, it is required that energy consumption
accurately and carefully planned.
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Abstract:

Article describes a practical method for determining
the vibration damping of the material on the basis of
use structural intensity measurements of longitudinal
vibrations. Structural intensity is grounded on the
analogy with the concept of acoustic intensimetry that
use the correlation between the signals obtained from
two accelerometers. The structural intensity method
can be applied, by computation or by measurement,
for identification of the vibration propagation trace and
for vibration control. In this paper, after developing the
theory on calculation longitudinal vibration power flow,
one proposes an experimental method for determining
the attenuation of longitudinal vibrations of materials
according to their nature, size and terms of fixing the
structure that takes the vibrations transmitted by
means of a vibration absorber.

Keywords: structural intensity, energy flow, inter spectral
density, correlation function.

INTRODUCTION

Acoustical intensimetry bases have grown
substantially as theoretical fundamentals as well as
applications [2]. In recent years, a more attention was
directed to develop the method of structural
intensimetry with practical applications [3], [5].
Measurements of vibration energy flow can give
information about identification of the positions of
vibration sources, energy transmited from source in
different ways and different types of vibrations waves [7]

MATERIAL AND METHOD

1. Structural intensity

For the study of power transmission characteristics of
structural vibrations is not enough to make simple
measurements of vibration levels. In this case it is
necessary to determine the distribution of energy flow
through structural intensity measurements. This flow
represents the instantaneous rate of energy transfer per
unit area in a given direction and is called the structural
intensity. For this purpose it shall determine
interspectrale acceleration density in two closely related
sections, similar to the technique of the two microphones
in acoustical intensimetry technique.

In recent years, one have made great progress in
measuring sound power. In the field of vibrations,
practical measurements rise many and difficult problems.

Structural intensity of vibrations in a given direction,
is obtained by the product of force F and vibration speed
vector:
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Rezumat:

Articol ul descrie o] met o«
amor t vimal§loriuinor materi al e pe
de intensi metri e Sbrtlongitdinale.

I ntensi metri a structuralt
conceptul de intensimetrie acustict , car e

corelai a dintre semnal el e C
accelerometre. Metoda intensimetriei structurale se poate

aplica, prin cal cul sau
identificarea ctil ollor « @entm
controlul vibragilor. Cn aceastt | ucrar

teoriei privind calculul fluxului de putere al vibra$ilor
|l ongitudinale, se propune
determinarea adloe nlongitudinale a
materialelor Tn func$e de natura lor, dimensiuni ki modul
de fixare al structurii care preia vibradile transmise, prin
intermediul unui absorbitor de vibra$.
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INTRODUCERE

Bazele intensimetriei acustice s-au s-au dezvoltat
substan$ a | ca fundame n thiaca aplica$e
[2]. Tn ultimii ani, 0 mai mare aten$ e a f ost
spre dezvoltarea metodei intensimetriei structurale cu

aplica$ practice [3], [5] . Mbsurttoril ee
al vibradilor pot oferi informa$ referitoare Ia
identificarea pozi$ilor surselor de vibra$, energia
transmist de sur st 7 niditritdlee
tipuri de unde vibratorii [7]
MATERI AL kI METODI

1. I ntensimetrie structur

Pentru studiul caracteristicilor transmisiei de putere la
vibra$ile structurale nu este suficient a se face simple
mbsurbri al e ni%u énl asesti chzy este
necesar st se dstflxulundeneeergid
prin mbsurbttori dcet uirratl &n s
reprezinttkt rata i nsdeamtgie pe
unitatea de suprafa® “-ontan u mi $eti sednumet
intensitate structuralt.
densitatea inters$ect na ldionu

apropiat e , similar cu tehnica
intensimetria acustict.

In ultimiianis-au ftcut mar i pro
puterii acustice. Tn domeniul vibra$ i | or , m

practice ridict pdificle.l eme n

I ntensitatea vigallory htr-ar alntu
direc$e, se ob$ne prin produsul dintre for@ F i vectorul
viteztdle: vi br a
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T

o1 . ) Cn 1 [ = ]
<I>t —?ﬁ:(r,t) Qr(r,t)dt sauin complex: <I >t = 2Re EGE | 1)
0

The complex shape from (1) is used when the force For ma codnpdla8»xat (1) se util
and the particle velocities are treated as complex care for@ hi vitezele particulelor sunt tratate ca variabile
harmonic variables. The direction of intensity it is the armonice complexe. Direc$ a i n§ estesadeeahi cu
same with the direction of the particle resultant direc$a vitezei rezultante a particulelor. Expresia
velocity. The expression of intensity depends on the i nt e% depinde de tipul de vibra%e a unei structuri,
type of vibration of a structure, namely: longitudinal, respectiv,| ongi tudi nal kkj tean sns
bending and tosional. In the following we will establish cele ce urmeazt noi vom s
a theoretical expression for the longitudinal vibrations pentru vibra$ile longitudinale ale barelor.
of the beams.

2.Longitudinal vibrations of the beams 2.Vibra$i longitudinale ale barelor

One studies the vibrations of the homogeneous Consi der tfte unei bareaomogene cu o

beam, with a constant cross section that is acted by a sectune transversalt consta
longitudinal force. For an element of length dx (fig.1), we esteac onatt $el ondiotrudi nal t.

canwrite Newt ond | aw de lungime dx (fig.1), se poate scrie legea lui Newton
2
u =
m“2=|:+—|'1 dx - F, 2
t X
where u(x,t) is the movement of particles in section unde u(x,t) este deplasarea particulelor din secfunea
located at distance x and F is the normal force on the |l ocali zat B xliaa F dstesfordan nor ma
same section which it is assumed that varies linearly with aceeakisec$ une care se presupu
the distance. distan%.
X dx,
<~ |
x=0
F u F+ dx
dx+Max
X
Fig. 2 - Toolbar element during longitudinal vibration
Relative elongation, by definition, the ratio between Al ungi r ea prinedefmie, wdportul dintre
the elongation DI and the original length |, it is written: alungirea DI ki lungimea ini$ a || sk scrie:
DI dx + ™ dx - dx L
e=—-= . wx 000 - , (3)
lo dx 94
so that Hooke's law becomes: astfel incat legea lui Hooke devine:
F
— = EE , (4)
A X
where A is the area of the bar6 section and E is the unde A este aria sec3unii barei ki E este modulul lui
Young& modulus. Young.
Using the last three relationships one can obtain Din utilizarea ultimelor trei rela$i se ob$ne

2 2
rAdx& = EA“—L,:dx , (5)

2
Ht pX
where } is the density of the bar material. unde } este densitatea materialului barei.
The final relationship Rela3 a finalt
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=
N

HI2
represents the equation of longitudinal vibrations of the
beam. The report 4/E/r is noted with ¢, and has the
dimensions of velocity. It is the speed of propagation of

longitudinal vibrations and according to this, the
transcribed form of equation (6) is:
2
pu
2
pt
Structural intensity, for longitudinal vibrations in a

beam, can be written successively

where a, and a, are the accelerations at two nearby

points 1 and 2, located at a distance D between
accelerometers.

The relations (8) were obtained using the finite
approximations [6]:

u_Eu
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6
o (6)
repr ezi n$ tvibra§lorulangitudinale ale barei.

Raportul \JE/r s e

not e azk arecdimensiunile

unei viteze. Aceasta reprezintt v
vibraSilor longitudinale ki corespunzttoa
ecua$a (6) se transcrie sub forma:

— H
=CL— . 7
ux
I ntensi tatea st r {ietongitudihate.
ale barei, poate fi scrist
EA a; +a
dt> =—2D<(1Tz)ﬁa2 - al)dt>, ©)
c
unde a; ki a, sunt accelera$ i | e a do
apropiate, 1 ki 2, situate la o distang D intre

accelerometre.
Reladle (8) s-auob$ nut cu

[6]:

ajutorul

1 ~
a @E(al +a,) and jdt @ﬁa2 - ap)dt,

EA
F=—q(u;-u 9
Dr (up - uy) ©)
+V
@—2 == ﬁal +a, Mt
For harmonic wave the normal force is Pentru undele armoniceforda nor mal £ est e
EA
F =I_(al ay) (10)
and the vibration velocity of a particle will be written Ki viteza de vibra$e a unei particule se va scrie
a, +a
Sty (11)
2iw

Structural intensity can also be measured using
cross-correlation method between the two acceleration

I ntensitatea structurallt
mtsuratt utili zOnd$ emet 6da

signals. Here the vibration intensity vector component, in semnale de accelerage. Aici, componenta vectorului
the direction of the two accelerometer will be intensitate a vibragei, pe direcga celor d
accelerometre va fi:
(W) =- _Im[G(alvaZ)] (12)
w?D
where Im[G(a1 8y )J is imaginary part of cross-spectrum unde Iml_G(al,az )J este partea
between the two accelerometers signals. interspectrul ui dintre C

For bending waves in a rod, the energy flow may be
written as

lg (W) =

here B is bending stiffness and m is mass per unit length

[1], [4], [8].

RESULTS
In the first experiment there were used two horizontal

accelerometrelor.
Pentru undele transversale dintr-o
energie poate fi scris sub forma

J_

bart,

Im[G(al,az Nepi1, (13)

in care B este rigiditatea de incovoiere iar m este masa
pe unitatea de lungime [1], [4], [8].

REZULTATE

In primul experiments-au uti |l i zat do
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bars with an outside diameter of 20 mm. Between the two
bars a sample of cork with the role of damping
longitudinal vibration transmitted from the first to the
second bar has been fixed. The connection between the
second bar and the outside has been carried out by
means of a spring (fig.2,a).

The second experiment was carried out by means of
two vertical cylindrical bar with an outer diameter of 100
mm. Between the two bars was fixed too a sample of
cork with the purpose of vibration damping, the second
rod being rigidly fixed to the foundation (fig.2,b).

In both cases, the used accelerometers A1-A2 and
A3-A4, of delta-share type (B&K 4507), having the phase
difference of not more than 4°, were mounted such that
their axes coincide with the axes of the bars and the mini
shaker. The experiments were carried out also, for other
types of material (rubber, felt) of different thickness (0.5
cm, 1 cm and 2 cm).

Charge
amplifier

ISB:IN/ H:2015

cu diametrul exteri de ¢
fost fixat un ekantion dinpl ut £ cu rol ul
vibora$ i | or l ongitudinale tra
doua bart. Legtt ur a exteriond fose
realizatt cu ajutorul unui

Al doil ea experiment a f.
bare cilindrice verticale cu diametrul exterior de 100 mm.
Cntre cele dout kanei @an f dis
rolul de amortizare a vibra$ i | or , a doua
rigid la funda$e (fig.2,b).

In ambele cazuri, accelerometrele A1-A2 ki A3-Ad
utilizate, de tip delta-share (B&K 4507), care au diferen&
de fazt deé, acfest momatd dstfeldncat axele
Il or st coi nci dib kicale exaitateateler.
Experimentele au fost realizate ki pentru alte tipuri de
materi al e ( ¢ au derita grosimip(@ssdmi1)

or

cmki 2 cm)..
Notebook
A/ID
H 7
U}

Signal
generator

Charge
amplifier

[ |

Signal
generator

a)

i 1
o | A2
4 e
! éj
[ A2

1
Notebook
/\VAV/

A

= o

b)

Fig. 2 - The block diagrams of the damped measurement
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1.Shaker; 2,3 Beam ; 4 Sample; 5 Spring; A1-A4 Accelerometers; A/D

The signal generated by the mini shaker is a white Semnalul generat de excitator este un semnal de
noise signal. Vibration energy flow (vibration intensity) zgomot alb. Fluxul de energie al vibra$ilor (intensitatea
expressed by relation (12) as the cross-spectra density of viborag i | or ) expr i $allA) capdensiate
two accelerometer signals is shown in fig.3 and fig.4, in interspectrallt a semnal e
the frequency range of 1-1000Hz, for a 1cm sample of reprezentat in figurile 3 ki 4, in banda de frecven® de 1-
cork. 1000Hz, pentruunekant i on de 1 c¢cm di

Significant differences occur in the resonance Diferen® semnificative apar in zona frecven&lor de

frequencies of the bar that takes over the damped rezconang al e bar ei Sleamorpzate.i a v
vibrations.

[ICG7 | Asorage KR )l phuta_l cnn_dore_mar_dinidl  Rrconing Hz a0 1000 06 m's 100002 06 )] 100400 070

|| v Ki[1-5%) phtn_1 eny_rlewee_rrowes_lownsrun - Aneendng He A1 IR ™) (IR )] (L0 =1 -
TAN
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- ——
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Fig. 3 - Power flow vibration spectrum
corresponding to the experiment from fig.2a, for sample of cork of 1 cm
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Fig. 4 - Power flow vibration spectrum
corresponding to the experiment from fig.2b, for sample of cork of 1 cm

CONCLUSIONS CONCLUZzII

The measurements made on the flow of vibration Mbsurttorile f I uxul uSilor pote
energy can provide qualitative and quantitative furniza informa$ calitative ki cantitative cu privire la
information on vibration damping longitudinal direction by amortizarea vibra$ilor longitudinale cu ajutorul unui
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a vibration damper. Differences between the two
experimental devices (fig.3 and fig.4) are not significant
where there are no resonance frequencies of the bar
behind the damper. It may occur increases of vibration
power at the resonance frequencies of the structure
behind the damper.

Measurements of structural intensity depend on:
- errors of tools by the phase difference between the
measured accelerations and corresponding electrical
signals;
- the transducer mass must be much smaller than the
structural apparent mass;
- the spacing between the accelerometers produces

20 ..
errors proportional with (Tp QD), where / is the wave

length.

For the study of bending vibration damping, the
excitation and measurement direction of accelerations
are chosen perpendicular to bars.

For torsional vibrations, things are more complicated,
both from the point of view of the excitation and of the
transducer, which is specific for measurement of torsional
vibrations.
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Abstract: Solid biomass combustion is characterized by
two main issues: fuel high moisture weight (that
generates some ignition failures) and the high rate of
carbon monoxide from flue-gasses (that diminishes the
efficiency of the burner an increases the pollution)
Hydrogen injection (with a higher combustion velocity)
disables the disadvantages mentioned above, allowing
the design and operation of more efficient and less
pollutant biomass boilers.

The paper enhances the theoretical and experimental
issues related to the hydrogen use during solid biomass
combustion.

Keywords: combustion, solid biomass, efficiency,
pollution.
INTRODUCTION

Romania has a huge potential to produce and use the
solid biomass for energy purposes. Related to the
agricultural biomass, we mention important achievements
in the use of straw briquettes in hot water boilers up to
300 kW [7].

The both agricultural and wooden biomass is
characterized by a high volatile matters amount, which
influences the whole combustion process. The
combustion is also dependent on the high moisture
content of the fuel, especially the ignition phase. The
large difference between the combustion velocity of
volatile matters and respectively those of solid mass (fix
carbon) composed of lignin and cellulose leads finally to
a high Co concentration in the flue-gasses. This is the
main obstacle to achieving an efficient combustion of
solid biomass [2], [5].

According to the measurements, the higher calorific
value (HCV) of the cellulose is lower than the lignin. In
relation to the fixed carbon content C; HCV can be
computed using (1), C¢ being reported at anhydrous
status of the fuel:

HCV =196 C, +14,119  [kJ/kg]

The hydrogen, with its own very high combustion
velocity, contributes to the increase of volatile matters
velocity combustion, canceling the combined combustion
of volatile and fixed carbon. In this manner, a better
control of the fixed carbon combustion is achieved,
leading to a significant diminution of the CO emission
content.
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Rezumat: Arderea biomaseis ol i de este ¢
dout aspect e i$wploriditagde ureiditatec
din combustibil (care-I conf er £la apiinfleref A
rata ridicatt a emisiei de
de arder e (fuadicdentdinstalhdkitde ardere
A crexte poluarea).

Inec$a de hidrogen (care ar

combate dezavantajele enun@te mai sus, permig&nd
construirea 4 exploatarea unor instala$l de ardere mai
eficiente 4 mai pu$h poluante. Lucrarea eviden$ a :
aspecte teoretice 4 experimentale privind utilizarea
hidrogenului in arderea biomasei solide.

Cuvinte cheie: arder e, bi omast
eficeng, poluare.
INTRODUCERE

Romaénia are un mare poten$al pentru producerea ki
utilizarea e ner g e lide.cReferitar lat
bi omasa agr iScordeazste rneeanl i z
utilizarea ©paielor de <cer
cazane foarte performante
300 kW [7].

Bi omas a, fie agricol t,
car act e mtr-acartthte rpareide volatile, procesul
de ardere n ansamblu depinzand puternic de acest
aspect. Umi di t at@eaaz tr inde gcaatt|
n special pentru faza de aprindere. Diferen@& mare dintre
viteza de ardere a volatilelor ki cea a masei solide
(carbonul fix) f er matgknidniikn
final I a 0 emi si e ridicat
principalul obstacol in realizarea unei arderi performante
a biomasei solide [2], [5].

Referitor |l a puterea
are o putere calorifict n3a
de con$nutul de carbon fix Cj, puterea
superioart se pod3afleC;fiin rapoudt
|l a starea anhidrt:

wlada

1)

Hidrogenul, av©nd o vitezt foar
contribuie la o crektere a vitezei de aprindere i ardere a
volatilelor, cu eliminarec
pentru cea a carbonul ui f
control mai bun asupra proceselor de ardere a carbonului
fix, cu reducerea semnific

In lucrarea [6] s-a utilizat un amestec special de
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In paper [6] it was used a mixture of hydrogen, named
hydrogen enriched gas (HRG), produced by an
electrolytic system. This electrolytic system is a dynamic
one, keeping the fluid in a permanent flow and it is
producing a quasi-stoichiometric gaseous mixture of
hydrogen and oxygen. In fact this gas consists of a
mixture of hydrogen and oxygen molecules, almost
respecting the stoichiometric water ratio [3].

HRG is a gas with a high degree of reactivity which,
by adsorption, diffuses into the biomass. Thus, the
ignition and combustion rate are improved and the
pollutant emissions are reduced. HRG is a colorless gas
which has a density of 0.503 kg/m3, molecular weight
12.3 kg/kmol, auto-ignition temperature 591-605 °C and
flammability limit concentration between 7.371 100 % [4].
The free diffusion process (equation Legendre) is the
basis for HRG/porous biomass combustion technology.
Maximum capacity of producing HRG is 1500 litters/h.
Electricity consumed to produce 1000 litters of HRG is
between 3i3.5 kWh. This means approximately 0.4
Euro/1000 litters.

HRG injection in solid biomass [4] contributes to
reducing the carbon monoxide concentration (OH radical
having leading role) by reactions (2) [1]:

CO+OH- CO, +H;

The improvement of the biomass combustion
performances by hydrogen injection is possible to be
made for all known combustion technologies, such as:

1 Fixed bed combustion systems: with fixed grate,
with  mobile-rolling grate, with forward or
backward push, with inferior supply for pellets;

1 Fluidized bed systems: stationary or
recirculating;

M Air-driven system (fuel is milled and pulverized);

For biomass with high moisture content and ash, with
particle dimension larger than 1 mm, it is recommendable
to select boilers provided with fixed bed furnaces, with a
maximum output of 20 MW1.

Some mixtures between agricultural biomass with
wooden biomass can be prepared for combustion,
excepting the mixture straw-wood, due to some large
differences between combustion characteristics, such as
moisture and ash melting temperature.

MATERIAL AND METHOD
The release and burning velocity for volatile matters is
described in paper [8] by the differential equation (3):

dv,

d¢

where: V;j is the initial content of volatile, V. i volatile

burnt content in period f , a, - release and burning

velocity of volatile matters (processes ruled by gaseous
diffusion and the combustion reactions kinetic).

H+0,- OH+0O; O+H,0- 20H.
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hidrogen,
hidrogen), care a permis tranzi$ a
exploatare ki

cunoscut sub Sticu
c Lt Gilereadeda
c 0 st ute. Gazud este prnodus intr-un
sistem electrolitic dinanro
curger e p «iroprapor8ercraki-st oi chi o
mixturii hidrogen-o x i gen. De fapt, a
un amestec de molecule de hidrogen ki oxigen,

HRG este un gaz cu un mare grad re reactivitate,
care difuzea®Bte prn nb iaodnsaosrt
aprinderea ki rata reac$ei de oxidare a combustibilului
sunt crescute, iar emisiile poluante sunt reduse. HRD
este un gaz incolor, avand densitatea de 0,503 kg/ms,
ma s a mol ecul ar t de 12,3
autoaprindere de 591-605 °C ki concentrag a | i r
inflamabilitate C u pirlDOn %HL[4].
Tehnol ogi a de ardere bion
di fuzia | i ber$ei Legendré. ocQapacitaeca
maxi mt de producere este ¢
consumatt -2,s% ek W/ 3000 | ,
cca. 0,4 Euro/1000 I.

Injec$ a HRG ' n bi omasa sol
reducerea concentra$ei de monoxid de carbon (radicalul
OH avand rolul decisiv) prin reac$ile (2) [1]:

@)

C mb u grea performanSlor arderii biomasei prin
injec§e de hidrogen se poate realiza pentru toate
tehnologiile de ardere, ce cuprind:

T Sisteme cu strat fix:
mobili rulant, cu Tmpingere Tnainte, sau
rtsturnatt, cu i ahr mer
pelete

1 Sisteme 1in strat fluidizat staonar sau
recirculant;

1  Sisteme in curent de aer (combustibil
pulverizat);

Focarele cu grttar, car e

20 MWt sunt folosite pentru arderea biomasei cu con$nut
mai mare de umiditate ki cenukk ki de dimensiuni
variabile, dar nu sub 1 mm.

Pot fi arse ki amestecur.i de bio
pe bazt de Ikieamestecdraale acestora cu
pai el e, d a giodintre tcaracteristitile deendere,
referitoare la umiditate ki temperatura de topire a cenukii.

MATERI AL kI METODI
Viteza de degajare ki arderea vol at |
inlucrarea [8] de ecuaS$a diferen$ al £ ( 3)
=(vi - v, )@, 3)
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unde: V; este con$nutul inigal de volatile, V¢ T
con$nutul ars in timpul £ , &, - viteza de degajare Ki
ardere a materiilor volatile (procese guvernate de difuzia
g a z o & sifetica reacSilor de ardere).
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1
a,=— — [s] )
+
ysit Ayscin
22200°
Ay it = 4z [l/ 5] (%)
B
av cin = Kov € RT [1/ S] (6)
Equation (5) is very common in literature [8], but not Relag a (5) este foarte u
so accurate for biomass as it is for coal specialitate [8], |l a biomast “nst nt
However, due to bale or briquette breakage due to de | a ctrbuynedatDaotiaut rupe

the swelling phenomenon in the first phase of combustion
occurs anauto-cor recti on by recon
diameter value; the hydrogen contributes too for reducing
the diameter in the ignition phase. For equation (6), the
values are:
d i particle diameter, [m]; K,, - volatile release value,
[1/s]; Ev T activation energy, [kJ/mol], T i temperature,
[K]. For solid biomass, the reaction constants have the
values: Koy = 801 111 [1/s], Ey = 38.4i 60.12 [kJ/kmol]

For fixed carbon combustion, the equation is given by
(7), while for the combustion velocity was used equation

®)[8]:

K, =8710e RT

Cco2

12
where: ¢ =§ is the stoichiometric ratio O, ¥%- COa,

and S the specific reaction surface, [m*m?].
For the solid biomass, according to the physical

process of densification, a,,; Is dominant versus

8y,.n - In such manner, it appears as necessary a

limitation criterion for briquette dimension. The expertise
allows to asses the optimal domain: g . = ma>(10&v cin).

RESULTS

In the paper [6] are presented the results of some
experimental tests for the fixed bed combustion of five
types of solid biomass injection HRG in the primary air.

The following biomass categories have been tested:
sawdust (1), wooden pellets (2), cereal straw briquettes
(3), vineyard wastes (4), corncobs (5).

Biomass power characteristics taken into account
were: low calorific value i Q' [kJ/kg]; moisture i W't [%];
ashi A' [%)]. The results of the analysis are:

- Fuel 1: Q'=16500 kJ/kg; W' =14 %; A' =2,5 %;

- Fuel 2: Q=17500 kJ/kg; W't =10,5 %; A'=0,5 %;
- Fuel 3: Q}=14700 kJ/kg; W't =10,2 %; A'=4,7 %;
- Fuel 4: Q' =13600 kJ/kg; W'=16,1 %; A'=4,9 %:;
- Fuel 5: Q' =12800 kJ/kg; W'=18,8 %; A'=3,9 %;

A constant thermal load of the boiler presented in
figure 1 has been maintained during tests, by controlling
the fuel mass-flow rate.

=t(a, +K.)s@? [m/s]

baloJlor ca urmare a fenomenului de umflare din prima
fazt de arder e a pprin ecomsidesated
valorii diametrului; hidrogenul aduce ki el contribu$i la
reducerea diametrului in faza de aprindere.

Pentruecuag a (6), valorile su
d - diametrul particulei, in m; K, - constanta de
degajare a volatilelor, 1/s; E, i energia de activare,
kd/mol, T i temperatura, K. Pent r u bi om
constantele reacSilor sunt: Koy = 807 111 [1/s], Ey = 38,41
60,12 [kJ/kmol]. Pentru arderea carbonului fix, rela$a de
calcul este (7), pe cand pentru viteza de ardere rela3a (8)

(8l:

_ 35700

[1/ s] )

®

12
unde: ¢ :ﬁ este raportul stoichiometric O, %- COs,

iarSsuprafaSa specismi.ct de r
Pentru bi omasa sol idt, c

densificare, a,,q; e st e domi nat,;, . .fApSPe
necesar un criteriu de limitare a dimensiunilor brichetelor.

ExperienSa idmeipd optin
av,dif = max(loav,cin)'

REZULTATE

Cn lucrarea [ 6] se prezi

experimentale de ardere in strat fix a biomasei solide cu
insuflare de gaz HRG in aerul primar.

S-au testat ur mkt oarel e
rumeguk (1), pelete | emn (
(3), cor zi de vi St de vie

Caracteristicile  energetice  considerate  pentru
bi omast au fost: putieQ,glkg]a
umiditate 7 W [ %] ; c & nAl 4]. Rezultatele
analizelor sunt:

- Comb. 1: Q'=16500 kJ/kg; W't =14 %; A' =2,5 %;

- Comb. 2: Q=17500 kJ/kg; W' =10,5 %; A'=0,5 %;
- Comb. 3: Q=14700 kJ/kg; W' =10,2 %; A'=4,7 %;
- Comb. 4: Q' =13600 kJ/kg; W'=16,1 %; A'=4,9 %;
- Comb. 5: Q1 =12800 kJ/kg; W'=18,8 %; A'=3,9 %;

Pe parcur sul expepLsenat)
termickt constantt a <cazan
realizatt prin variaSia de
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Coal
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MNatural gas

Air fan

HEG injection
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Biomass bunker

Screw feeder

| Wood or agricultural
biomass

Bottom ash

Fig. 1 - Pilot plant of 2 MWt used to test the hydrogen injection in biomass combustion

Findings:

91 Significant reduction of CO emissions for
wooden biomass derivates (reduction limit until
158 ppm);

1 Lower reduction for agricultural biomass (upper
limit to 1700 ppm);

In figures 2 and 3 is shown the flame shape for
wooden and agricultural biomass, with and without HRG
injection,

We found as remarkable the diminution of the flame
length in the case of HRG combustion, due to a higher

intensity of the oxidation processes in the inferior zone of
the fuel bed.

S-au constatat:

T reducerea semnificatiywv

bi omasa | emnoast (1| i mi
T o reducere mai pusSin
agricolt (l'imita supe

) ppm);
Cn figurile 2 Ki 3 este
derivatelede | emn Ki respectiv p
S-a remarcat 0 sctdere a
injecSiei de HRG, explica
procesel or de ardere “'n z

combustibil

a) wooden biomass

b) agricultural biomass

Fig. 2 - Flame shape without HRG injection
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a) wooden biomass

ISB:IN/ H:2015

(b) agricultural biomass

Fig. 3 - Flame shape without HRG injection

in final s-a

Finaly, an elemental analysis of the ash was efectuat K i o anal
performed, presented in Table 1, in order to draw a prezentatt “~n t altea tragd o céncluziep
conclusion related to future possible use. privind posibile utiliztri

The high phosphorus, potassium and calcium PrezenSa ridicatt a fosf
contents, related to very low concentrations of heavy cal ciul ui precum Ki val ori
metals, indicate the possibility to use the biomass ash as grel e, indict posibilitat
agricultural fertilizer. Such approach is very important not “ngr tkkEmont apgti pwls.i bAt k a
only for economic reasons, but give the hope to eliminate doar un pozitiv efect eco
a potential hazard. i mportanSt deoarece el i min

dekeu.
Table 1
Elemental analysis of the ash
Chemical Species Wooden Biomass Agricultural Biomass

Si 19.14 % 19.72 %

Ca 6.66 % 6.04 %

Fe 3.65 % 5.61 %

Al 2.88 % 4.30 %

Mg 1.44 % 1.26 %

S 1.31% 1.23%

P 0.81 % 0.59 %

Na 0.28 % 0.36 %

Ti 0.27 % 0.29 %

Cl 0.16 % 0.15%

Ba 0.10 % 0.10%

Zn 0.03 % 0.03 %

Cu 0.01 % 0.01 %

Cr 86 ppm 95 ppm

Ni 68 ppm 83 ppm
CONCLUSIONS CONCLUZII

In order to challenge some obstacles occurred in Cn scopul depbkirii unor
biomass combustion, such as the ignition difficulties due bi omasei , cum sunt di ficu

to high moisture content, respectively the high
concentration of carbon monoxide in flue-gasses; we
have tested a new technology i hydrogen injection as
HRG in the primary air flow, at a permissive cost in
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umi di tidatg,irdspeativi emisiile ridicate de monoxid
de carbon, am testat surmontarea acestor bariere prin
injecSia hidrogenul ui sub
ardere, la un cost permisiv pentru avantajele create.
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comparison to the advantages. The research is fully
original, according to our knowledge there are no similar
paper in the literature.

The effects of this procedure were:

1 Separation between the volatile and fixed
carbon combustion trough high burning velocity
of the hydrogen;

1 Reduction of the flame
stabilization;

1 Decrease of pollutant emissions, especially
carbon monoxide.

Beside these advantages, the ash resulted from
biomass combustion is a good fertilizer for agriculture
and horticulture.

length and flame

Acknowledgement

This work was supported by a grant of the Romanian
Authority for Scientific Research, CNCS-UEFISCDI,
project number PN-II-ID-PCE-2011-3-0698.

REFERENCES

[1]. Tanksale A., Beltramini J. (2010) - A review of
catalytic hydrogen production processes from biomass,
Renew Sustain Energy; 14:1667 82.

[2. P" k kL Elz.£,r 0i u Gh. , P r- influencez
of hydrogen enriched gas injection upon polluting
emissions from pulverized coal combustion. International
Journal of Hydrogen Energy, ISSN 0360-3199, Volume
39, Issue 31, October 2014, pp. 17702-17709

[3]. Birtas A., Voicu I., Chiriac R. (2009) - Constant
Volume Burning Characteristics of HHO Gas, Theory and
Practice of Energetic Materials, Vol. lll, pag. 244-250.

[ 4] . Pol ing B. E. , Prausni
The Properties of Gases and Liquids, Fifth Edition,
McGraw-Hill Companies.

[ 5] . P” kt, | ., Lazaroiu G
(2013) - Mathematical model and experimental tests of
hydrogen diffusion in the porous system of biomass. The
5 th International Conference on Applied Energy (ICAE),
2-4 July 2013, Pretoria, Afica de Sud, 978-889-058-430-
5.

[ 6] LtGht.r,oiMilhtesPukt | .,
C., Dragne M., Desideri U., Simion G. (2015) -
Experimental analyze of the hydrogen impact of solid
biomass combustion for the development of innovative
efficient technologies,

4™ International Conference on Thermal Equipment,
Renewable Energy and Rural Development - TE-RE-RD
2015, 4-6 June 2015, Posada Vidraru, Romania.

[ 7] Mi htescu L., Prisecaru
Pisa | ., Negreanu G. , Braadeb
by AE. -momami@ao for cereal

Proceedings of the First International Conference of
Thermal Equipment, Renewable Energy and Rural
Development, TE-RE-RD 201 2, Bucur ek
ISSN 1843-3359, pp. 31-36.

[BjPLnoi WLCLCaN.a,cu C. , Mi htescu
Al, fi | n sjtde brdere a combustibililor solizio , Ec
tehnick 1985.

1SB:IN/ -H: 2015

Cercettrile reprezintt ifond

semnal ate lucrktri similare
Efectele acestui procedeu au fost:

1 Separarea arderii volatilelor de arderea

carbonului fix prin viteza mare de ardere a
hidrogenului;
1T Scurtarea flbtckrii Ki
1 Reducerea emisiilor poluante, in special a
monoxidului de carbon.
Pe | ©ngt acest &ka avantulat &t t
bi omasei reprezintt wun fo
agriculturt si horticultur

Mul Sumiri/ RecunoktinSt

Rezultatele prezentate in acest articola u f o st
“n cadrul unui proiect fi
pentru Cercet ar e -UERISCDIn fodf
proiect PN-1I-ID-PCE-2011-3-0698.

BIBLIOGRAFIE

[1]. Tanksale A., Beltramini J. (2010) - A review of
catalytic hydrogen production processes from biomass,
Renew Sustain Energy; 14:1667 82.

[2. P" k kL tlz.E,r 0i u Gh. , P r- influencee
of hydrogen enriched gas injection upon polluting
emissions from pulverized coal combustion. International
Journal of Hydrogen Energy, ISSN 0360-3199, Volume
39, Issue 31, October 2014, pp. 17702-17709

[3]. Birtas A., Voicu I., Chiriac R. (2009) - Constant
Volume Burning Characteristics of HHO Gas, Theory and
Practice of Energetic Materials, Vol. lll, pag. 244-250.

[4]. Poling B. E., Prausnit z J . M. , O6Conn
The Properties of Gases and Liquids, Fifth Edition,
McGraw-Hill Companies.

[ 5] . P” kt, | ., Lazaroiu G
(2013) - Mathematical model and experimental tests of
hydrogen diffusion in the porous system of biomass. The
5 th International Conference on Applied Energy (ICAE),
2-4 July 2013, Pretoria, Afica de Sud, 978-889-058-430-
5.

[ 6] LtGht.r,oiMilhtesPukt | .,
C., Dragne M., Desideri U., Simion G. (2015) -
Experimental analyze of the hydrogen impact of solid
biomass combustion for the development of innovative
efficient technologies,

4" International Conference on Thermal Equipment,
Renewable Energy and Rural Development - TE-RE-RD
2015, 4-6 June 2015, Posada Vidraru, Romania.

[ 7] Mi htescu L., Prisecaru
Pisa | ., Negreanu G. , Braadeb
by AE. -Roemamitado for cereal

Proceedings of the First International Conference of
Thermal Equipment, Renewable Energy and Rural
Development, TE-RE-RD 201 2, Bucur ek
ISSN 1843-3359, pp. 31-36

[BlPLnoi WLCLCaN.a,cu C. , Mi htescu
Al., i | n sYitde hrdere a combustibililor solizio , Ec
tehnict 1985.



INTERNATIONAL SYMPOSIUM

ISB:IN/ H:2015

MATHEMATICAL MODELING AND COMPARATIVE SIMULATION OF THE VIBRATIONS OF
VIBRO-CULTIVATORS AND AGRICULTURAL CULTIVATORS

/

MODELARE MATEMATICA SI SIMULAREA COMPARATIVA A VIBRATIILOR
COMBINATOARELOR SI CULTIVATOARELOR AGRICOLE
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Abstract: Inspiration for investigations described in
this article was explaining the differences between a
cultivator and a vibro-cultivator. Starting from the basic
model of linear damped oscillator, the authors
complicated equations and terms significantly enriched
customize or entering equations specific terms of
agricultural machinery for soil. First, these models
attempt to explain the behavior of oscillator working
bodies in different operating modes of agricultural
machinery. Subsequently, the practical application will
consist the system vibration control using adjustable
parameters of working processes. Moreover, the
simulator presented is usable in theoretical research of
nonlinear friction and amortization and complex
phenomena including the equation of motion of the
unit.

Keywords: mathematica model, simulation, vibrations,
vibro-cultivator, cultivator

INTRODUCTION

The mathematical model described in this article tries
to describe the behavior of the whole body of work -
working organ  support (AOLSOL) in  sail,
characteristically subassembly of vibro - cultivator or of
cultivator, [1].

This model has the following purposes:
-to describe the difference between the functioning of the
cultivator and the vibro - cultivator AOLSOL in part to
motivate the construction of the latter;
-to emphasize geometric constants or material that would
make the most important difference between the working
processes of the two machines, in terms AOLSOL;
-to investigate possible ways of optimizing the operating
mode if vibro - cultivator.

MATERIAL AND METHOD

The mathematical model considered for a first
approach is relatively simple, classic literature, for
example [2]: linear damped oscillator described by

second order differential equation:

where x is the relative displacement of the mass
center of AOLSOL, m is the mass AOLSOL, c is
damping coefficient of AOLSOL, k is the stiffness
coefficient of AOLSOL and y is excitation force. The
structure of each parameter will be subject to further
clarifications. Obviously, the X, and X are derivatives

mx+ cx +kx =,

53

Rezumat: Sursa de inspiratie pentru relizarea
investigatiilor descrise in acest articol a fost explicitarea
deosebirilor dintre un cultivator si un vibrocultivator.
Pornind de la modelul elementar al oscilatorului liniar cu
amortizare, autorii complica ecuatiile si particularizeaza
sau imbogatesc semnificatia unor termeni introducand in
ecuatii termeni specifici masinilor agricole de lucrat solul.
Pentru inceput, aceste modele incearca sa explice
comportamentul oscilator al organelor de lucru in diverse
regimuri de functionare ale masinilor agricole. Ulterior
aplicatia practica va consta in controlul acestor vibratii
folosind parametrii de regim reglabili. Mai mult,
simulatorul prezentat este utilizabil si in cercetarea
teoretica a unor frecari si amortizari neliniare, precum si
la fenomene complexe incluzand ecuatia de miscare a
agregatului.

simulare, vibratii,

Cuvinte cheie: model matematic,

combinator, cultivator

INTRODUCERE

Modelul matematic descris in acest articol incearca sa
descrie comportamentul ansamblului organ de lucru -
suport organ de lucru (AOLSOL) in sol, subansamblu
caracteristic al unui cultivator sau vibrocultivator, [1].
Acest model are urmatoarele scopuri:

-sa descrie diferenta dintre modul de functionare al
AOLSOL al cultivatorului si cel vibrocultivatorului, in parte
pentru a motiva constructia acestuia din urma;

-sa evidentieze constantele de material sau parametrii
geometrici cei mai importanti care ar face diferenta intre
procesele de lucru ale celor doua masini, in ceea ce
priveste AOLSOL;

-sa investigheze eventuale posibilitati de optimizare a
regimului de lucru in cazul vibrocultivatorului.

MATERI AL kI METOD

Modelul matematic considerat pentru o prima abordare
este unul relativ simplu, clasic in literatura de specialitate,
de exemplu [2]: oscilatorul liniar cu amortizare, descris de
ecuatia diferentiala de ordinul al doilea:

@

in care: x este deplasarea relativa a centrului de masa al
AOLSOL, m este masa AOLSOL, c este coeficientul de
amortizare al AOLSOL, k este coeficientul de rigiditate al
AOLSOL, iar y este forta excitatoare. Structura fiecarui
parametru va constitui subiectul unor precizari ulterioare.
Evident, Xsi X, sunt derivatele de ordinul intai, respectiv
al doilea ale deplasarii relative x.
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of the first order and second order of relative
displacement, x.
The relative displacement is a function of time t, which

is subject to initial conditions:

X(t0) =% X(t)) =0

In physical terms damping coefficient ¢ is given by
the amortization of the soil and stiffness coefficient k is
AOLSOL stiffness, mainly on the support of the working
body.

Note: AOLSOL is not a classic oscillator. It can be
likened more to a phenomenon hauling a very rigid linear
pendulum through a viscous fluid.

The working body together the support are assimilate
with pendulum mass, the amortization is given by the
medium through which the body moves (soil) and the
stiffness of the stiffness property of the working body
support.

For damping can be considered a form more complex
by combining viscous friction with the dry, taking into
account the soil moisture:

c=¢ &u)

where cy is the coefficient of viscous damping, cy is the
dry friction coefficient, f is an increasing function of soil
moisture and g is a decreasing function of soil moisture,
u. f and g function may be known in special cases only
on experimental basis, depending on the texture and soil
composition.

Exciter force, y is produced by the interaction
between AOLSOL and soil. To simulate a large range of
phenomena, it is considered for the exciter force the next
form:

y (t)

where F is the force of resistance to deformation of the
soil, which can be considered as:

F(t)=Ka(t)b(t).

where K is the coefficient of resistance to deformation
of the saill, it is working depth and width b is working. It is
considered that the depth and width of work are functions
of time, primarily due consideration of the phase
transition from sleep to work in steady state, and
secondly, that these two characteristics of farm machines
for soil can random vary and, especially the working
depth. On the other hand, in transitive stage, the working
width increases with the working depth for many types of
working body. If these issues can be neglected, then a
and b can be considered constant as the the coefficient
of resistance to deformation of the soil, K.

The solution of the problem (1), (2), completions (3),
(4), (5), even with nonlinearity considered in (3) can be
given using the techniques operational calculus [2] (even
piecewise).

The presence of more complicated nonlinearities in x
or X cancel the possibility of using operational calculus if
not apply linearization. But the linearization limited
decisive investigations. On the other hand, calculating the
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Deplasarea relativa este o functie de timp, t, care
trebuie sa respecte conditiile initiale:

)

Din punct de vedere fizic, coeficientul de amortizare c,
este dat de amortizarea produsa de sol, iar coeficientul
de rigiditate k este rigiditatea AOLSOL, data in principal
de suportul organului de lucru.

Observatie: AOLSOL nu este un oscilator clasic. El
poate fi asemanat mai mult cu un fenomen de tractiune a
unui pendul liniar foarte rigid printr-un fluid vascos.

Organul de lucru impreuna cu o parte a suportului se
asimileaza masei pendulului, amortizarea este data de
mediul prin care organul se misca (solul), iar rigiditatea
de proprietatea de rigiditate a suportului organului de
lucru.

Pentru amortizare poate fi considerata de o forma mai
complexa, prin combinarea frecarii vascoase cu cea
uscata, tinand seama si de umiditatea solului:

ﬁg(@,

in care c, este coeficientul de amortizare vascoasa, ¢y
coeficientul de frecare uscata, f este o functie
crescatoare cu umiditatea solului iar functia g este o
functie descrescatoare cu umiditatea, u. Functiile f si g se
pot cunoaste particular numai pe baze experimentale,
depinzand si de textura si compozitia solului.

Forta excitatoare, y este produsa de interactiunea
dintre AOLSOL si solul. Pentru a simula o gama cat mai

®)

larga de fenomene, se considera pentru functia
excitatoare forma:
= (t) +(t). 4)

in care F este forta de rezistenta la deformare a solului,
care se poate considera de forma:

®)

in care K este coeficientul de rezistenta la deformare
al solului, a este adancimea de lucru, iar b este latimea
de lucru. Se considera ca adancimea si latimea de lucru
pot fi functii de timp, in primul rand datorita considerarii
etapei tranzitive de la starea de repaus la lucru in regim
stabilizat, iar in al doilea rand, pentru ca aceste doua
caracteristici ale masinilor de lucrat solul pot varia si
aleator, mai ales adancimea de lucru. Pe de alta parte, in
etapa tranzitiva latimea de lucru creste cu adancimea de
lucru pentru multe tipuri de organe de lucru. Daca aceste
aspecte pot fi neglijate, atunci a si b se pot considera
constante ca si K.

Solutia problemei (1), (2), cu completarile (3), (4), (5),
chiar cu neliniaritatea considerata in (3), se poate da
folosind tehnicile calculului operational, [2] (macar pe
portiuni).

Prezenta unor neliniaritati mai complicate in x sau
X anuleaza posibilitatea folosirii calculului operational
daca nu se aplica liniarizari. Liniarizarea limiteaza insa
decisiv investigatile noastre. Pe de alta parte, calculul
produsului de convolutie folosind programe de calcul
consacrate, este ineficient pentru timpi lungi si neliniaritati
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convolution product using computer programs dedicated
to, it is ineffective for long time and nonlinear
complicated. For these reasons we chose to build the
simulator AL SOL based on the numerical solution of the
problem. This option offers the possibility of using a wide
variety of nonlinearities. Convergence difficulties for long
simulation times and using complicated nonlinearities
may occur also in this case. They can solve partially
modifying the numerical schemes used.

RESULTS

To facilitate understanding, in particular simulation
example, | considered a linear viscous friction. In a future
article will address the full friction type (3), and other
types of friction and even stiff. Next objective is to
investigate the existence of internal parameters of the
model, capable of producing vibration even if the exciter
function is constant in time. The subject is vast and
currently with litle chance of experimental covering.
Following investigation it is only a long-term goal.
AOLSOL physical model is the working bodies of the
vibro-cultivator designed in a research project.

The total mass of the working of support (vibrating
portion, AOLSOL) is the total mass m = 5388 kg. The
own support damping (own metal) is not considered in
this model. Stiffness coefficient is calculated in
accordance with [3], using the formula:

where E is the modulus of elasticity of the support
material (steel in our case, so E= 2 . 1'' PA), Iis@he
moment of inertia of the cross section of the rod holder:

because it is considered as a square section. The
edge section is set to as = 0025 m. The length of the
support (the support to the point of attachment of the
working element) is |, with the value of | = 0788 m.
Obtain the spring constant of the oscillator, k = 41 902
N/ m.

The purely viscous damping is characterized by cy
value according to [4] or [5], given by:

CV
Considering an average soil density, 7/=1900 kg / m®

and K 73000 N / m? the damping coefficient is

obtained after [4] or [5], the value ¢, = 3769 kg / s.

For the above data, the oscillator shows the
supercritical damping therefore oscillations are only
possible due to exciter force. The natural frequency of
the purely elastic system (damped null) is 14 035 Hz. If it
is deemed depth a = 12 cm and the working width 8.6
cm, then the exciter force constant component has the
value F = 755 N. Excitation oscillating component has
an amplitude of 25% in constant force, F. Its frequency
has different critical values around the corresponding

=0.32(Kr .
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complicate. Pentru aceste motive am optat pentru
constructia simulatorului AOLSOL bazat pe solutia
numerica a problemei. Aceasta optiune ofera si
posibilitatea considerarii  unei mari varietati de
neliniaritati. Dificultati de convergenta pentru timpi lungi
de simulare si folosind neliniaritati complicate, pot sa
apara, de asemenea si in acest caz. Acestea se pot
rezolva partial modificand parametrii schemelor numerice
folosite.

REZULTATE

Pentru facilitarea intelegerii, in exemplul de simulare
ales, am considerat o frecare vascoasa liniara. Intr-un
articol viitor se va aborda frecarea integrala de tip (3),
precum si alte tipuri de frecari si chiar rigiditati. Obiectivul
urmator este cercetarea existentei unor parametri interni
ai modelului, capabili sa produca vibratii chiar daca
functia excitatoare este constanta in timp. Subiectul fiind
foarte vast si, momentan cu putine sanse de acoperire
experimentala. Ca urmare investigatia este numai un
obiectiv pe termen lung. Modelul fizic al AOLSOL il
constituie organe de lucru ale combinatorului conceput in
cadrul unui proiect de cercetare.

Masa totala a organul de lucru cu suport (portiunea
vibratoare, AOLSOL) are masa totala m= 5.388 kg.
Amortizarea proprie a suportului (proprie metalului) nu se
considera in acest model. Coeficientul de rigiditate se
calculeaza in conformitate cu [3], dupa formula:

3El
k= NER 6)
in care E este modulul de elasticitate al materialului
suportului (otel in cazul nostru, deci E= 2 . 't Ra), 0
este momentul de inertie al sectiunii transversal a barei

suportului:

a4

| =
12

deoarece se considera o sectiune patrata cu latura as.
Latura sectiunii are valoarea as= 0.025 m. Lungimea
suportului (de la rezemare pana la punctul de fixare al
organului de lucru) este |, avand valoarea |I= 0.788 m. Se
obtine pentru constanta de elasticitate a oscilatorului,
valoarea k= 41902 N/m.

Amortizare de tip pur vascoasa este caracterizata de
valoarea cy conform [4] sau [5], data de formula:

)

(8)

Considrand o valoare medie a densitatii solului,
r=1900 kg/m3 si K= 73000 N/m? se obtine pentru
coeficientul de amortizare, dupa [4] sau [5], valoarea c,=
3769 kgls.

Pentru datele de mai sus, oscilatorul are amortizare
supracritica, prin urmare, oscilatii sunt posibile numai
datorita fortei excitatoare . Frecventa proprie a sistemului
pur elastic (cu amortizare nula) este de 14.035 Hz. Daca
adancimea de lucru se considera a= 12 cm si latimea de
lucru 8.6 cm, atunci componenta constanta a fortei
excitatoare are valoarea F= 755 N. Componenta
oscilanta a excitatiei are o amplitudine de 25 % din forta
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own frequency oscillator without damping system.

If the unit moves perpendicular lines plowing results of
previous work, then a working width B = 25 cm and a
depth equal, obtain critical speed for producing
resonance value v = 3509 m /s (12,631 km / h) .

For the numerical solution of the problem, | used an
algorithm Runge Kutta type fourth order in Mathcad
mathematical software. Parametric study of the working
body model oscillations is based on this simulator which
use the Runge Kutta algorithm.

The simulator developed in order to study oscillations
of the cultivator or vibro - cultivator support and working
bodies is used to:

-testing in extreme situations
phenomena known;

-investigation of the use of the model to define the
difference between cultivator and vibro-cultivator;

- investigation of the existence of a resonance optimal
working process for the vibro-cultivator;

-investigation of the effects of parameters relative
nonlinearities on the amplitude or oscillation speed of the
working body of the vibro-cultivator.

The first three topics will be addressed in this article,
the latter being subject to subsequent approaches.

to which certain

=
=
ld

=
=
=]
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elongation, m
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constanta, F. Frecventa acesteia ia diferite valori in jurul
celei critice care corespunde frecventei proprii a
sistemului oscillator fara amortizare. Daca agregatul se
deplaseaza perpendicular pe liniile de aratura rezultate
din lucrarea anterioara, atunci pentru o latime de lucru B=
25 cm si 0 adancime egala, se obtine viteza critica pentru
producerea rezonantei cu valoarea vg= 3.509 m/s (
12.631 km/h). Pentru rezolvarea numerica aproblemei,
am folosit un algoritm de tip Runge Kutta de ordinul al
patrulea, in programul Mathcad. Studiul parametric al
modelului oscilatiilor organului de lucru se face folosind
simulatorul bazat pe acest algoritm numeric.

Simulatorul elaborat in scopul studiului oscilatiilor
organelor de lucru cu support ale combinatorului sau
vibro-combinatorului, se foloseste pentru:

-testarea in situatii limita pentru care unele fenomene
Se Cunosc;

-investigarea folosirii  modelului  pentru
diferentei intre cultivator si vibro-cultivator;

-investigarea existentei unui regim de rezonanta
optimal in functionarea de tip vibrocultivator;

-investigatii  privind efectele neliniaritatilor  unor
parametrii in raport cu amplitudinea sau viteza de
oscilatie a organului de lucru al vibrocultivatorului.

Primele trei subiecte vor fi abordate in acest articol,
ultimul fiind subiectul unei abordari ulterioare.

definirea
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Fig. 1 - AOLSOL history elongation (left) and its rate of change (right) subjected to constant force excitation over time (no oscillatory

component).
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Fig. 2 - AOLSOL exciter force history and its components (left) and movement in the phase plane (right).
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Fig. 3 - AOLSOL history elongation (left) and its rate of change (right) subjected to force excitation over time (with oscillatory component).
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Fig. 4 - AOLSOL exciter force history and its components (left) and movement in the phase plane (right).
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Fig. 5 - Variation of oscillator amplitude with the frequency of excitation force (left) and variation of the ratio of amplitude oscillator and
relative displacement in case of the constant force exciter and of the ratio between the oscillator amplitude and the average value of
its elongation (right).

In Fig. 1-5 | plotted very few results of very many that
can be obtained and plotted using the model AOLSOL
oscillator.

In Fig. 1 and 2 we plotted the results show AOLSOL
behavior when the only constant component excitation
force has non-zero, oscillating component is null. In Fig.
3 and 4 we plotted results which showing AOLSOL
oscillator behavior where force has both excitatory
components nonzero.

In Fig. 5 gives qualitative results of the model
(simulator). In Fig. 5 (left) is represents the variation of
the center of mass of the working body amplitude,
depending on the frequency of the oscillator component
of the excitation force, for three fixed values of the ratio
between the amplitude of the oscillators component and
constant component of the exciter force. In Fig. 5 (right)
is represents the variation of the amplitude ratios of the
center of mass of the working body and the maximum
elongation when the oscillation exciter force is null or
average value of elongation AOLSOL if excitation force
oscillating, function on the AOLSOL stiffness.

CONCLUSIONS

Although the study of this oscillator is started, we can
draw some conclusions about its usefulness and the
applications in the design of vibro-cultivators.

The first conclusion is that AOLSOL can make the
difference between a cultivator and a vibro-cultivator if
is given a conventional limit value for the ratio of
amplitude oscillatory motion and constant component
elongation force produced by exciter force, for example.

It may introduce other criteria difference between
cultivator and vibro-cultivator using AOLSOL oscillator
model.

Another important conclusion is that the simulator
AOLSOL can be used to design (depending on soil
characteristics) the support with working body at a
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In fig. 1 - 5 am reprezentat grafic foarte putine
rezultate dintre foarte multele care se pot obtine si
cerceta folosind modelul AOLSOL.

In fig. 1 si 2 am reprezentat grafic rezultate care arata
comportamentul AOLSOL in cazul in care forta
excitatoare are numai componenta constanta nenula,
componenta oscilatorie fiind nula. In fig. 3 si 4 am
reprezentat grafic rezultate care arata comportamentul
AOLSOL in cazul in care forta excitatoare are ambele
componente nenule.

In fig. 5 sunt date rezultate calitative ale modelului
(simulatorului). In fig. 5 (stanga) se reprezinta variatia
amplitudinii centrului de masa al organului de lucru,
functie de frecventa componentei oscilatoare a fortei de
excitatie, pentru trei valori fixate ale raportului dintre
amplitudinea componentei oscilatoare si a celei
constante ale fortei excitatoare. In fig. 5 (dreapta) se
reprezinta variatia rapoartelor dintre amplitudinea
centrului de masa al organului de lucru si valoarea
maxima a elongatiei in cazul fortei excitatoare cu oscilatie
nula, respectiv valoarea medie a elongatiei AOLSOL in
cazul fortei excitatoare oscilante, functie de rigiditatea
AOLSOL.

CONCLUzII

Desi studiul acestui oscilator este la inceput, se pot
trage cateva concluzii asupra utilitatii acestuia si asupra
aplicatiilor lui in proiectarea vibro-cultivatoarelor.

Prima concluzie este aceea ca AOLSOL poate face
diferenta intre un cultivator si un vibro-cultivator daca se
da prin conventie o valoare limita pentru raportul dintre
amplitudinea miscarii oscilatorii si elongatia produsa de
componenta constanta a fortei excitatoare, de exemplu.

Se pot introduce si alte criterii de diferenta intre
cultivator  si  vibro-cultivator ~ folosind  modelul
oscilatorului AOLSOL.

O alta concluzie importanta este aceea ca simulatorul
AOLSOL poate fi folosit pentru a proiecta (functie si de
caracteristicile solului) un suport cu organ de lucru la o
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stiffness to allow him to take part of vibro-cultivator or
cultivators categories.

The mathematical model that relies AL SOL
simulator also allows the design of an optimal mode of
operation that can be produced by oscillating force
exciter component.

I found, however, that at this level, the optimized
mode of operation is in conflicts with the principle of
optimality required by geometry rectangular plots.

The perspective has many components, among
which: the introduction of the nonlinear friction,
nonlinear stiffness introducing, developing models to
include the equation of motion of the unit.

Any progress in this building will require a large
amount of experimental data. Either this chapter is
currently difficult to guess.

From the experimental point of view, the model was
built on real data of their bodies work and support of a
vibro-cultivator learned in the prototype stage. The
deflection caused by static exciter force constant
component, the value of 24 mm, for a value of 755 N
force, was a key criterion for the start of construction
simulator. The value of static deflection, 24 mm to 755
N force applied to the center of mass of the body work
was set on the test. The natural frequency was also a
fundamental criterion for the choice of constants model
to get the value measured in the laboratory 14.035 Hz.

Correlation with experimental results do next as we
have this data and simulator construction progresses.
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rigiditatea care sa-i permita sa faca parte din categoria
cultivatoarelor sau vibro-cultivatoare.

Modelul matematic pe care se bazeaza simulatorul
AOLSOL, permite de asemenea proiectarea unui regim
de lucru optimal care poate fi produs de componenta
oscilanta a fortei excitatoare.

Am constatat insa ca, la acest nivel, procesul de lucru
astfel optimizat intra in conflict cu principiul de
optimalitate dat de geometria parcelelor dreptunghiulare.

Modelul are multe perspective de completare, printre
care mentionam: introducerea frecarilor neliniare,
introducerea unor rigiditati neliniare, dezvoltarea pana la
modele care sa includa ecuatia de miscare a agregatului.

Orice progres in aceasta constructie va necesita un
mare volum de date experimentale. Ori la acest capitol
este, la ora actuala, greu de intuit.

Din punct de vedere experimental, modelul a fost
construit pe date reale ale organelor de lucru si suportilor
acestora ale unui vibro-cultivator aflat in etapa de
prototip. Valoarea sagetii statice produse de componenta
constanta a fortei excitatoare, cu valoarea de 24 mm,
pentru o valoare a fortei de 755 N, a fost un criteriu de
baza pentru startul constructiei simulatorului. Sageata
statica de 24 mm, pentru fortei de 755 N la centrul de
masa al organului de lucru, a fost stabilita pe standul de
incercari. Frecventa proprie fundamentala a fost de
asemenea un criteriu de alegere a constantelor de
model, pentru a obtine valoarea masurata in conditii de
laborator, 14.035 Hz. Corelarea cu rezultatele
experimentale se face in continuare pe masura ce avem
aceste date si constructia simulatorului avanseaza.
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Abstract: This paper shows the role of numerical
simulation of physical processes in the
environmental awareness and education,
emphasizing the right choice of its complexity
depending on the level of depth that should or can
be done exposure. The authors insist on the
important role incumbent on incremental simulation
(based on mathematical models simple) in
environmental awareness and even higher
education field. The jump to complex simulators
can be done only after knowing (which means to
know a model and simulator, we will try to explain in
the paper) the basic models, and effective use of
complex simulation is effective only in specialist
teams which include at least 2 -3 or more related
fields. These views are supported in simulators and
work with examples of practical use in case of
pollution of a river simulation.
Keywords: simulation, modeling, environmental,
awareness, teaching, practice, pollution

INTRODUCTION

After [1], the simulation is something that is made to
look, feel, or behave like something else especially so
that it can be studied or used to train people:

- a computer simulation of spaceflight

- simulations of body movements

- a simulation of the planet's surface

- computer simulation to predict weather conditions.

After [2] simulate means:

- to pretend that you have a particular feeling;

- to create particular conditions that exist in real life
using computers, models, etc., usually for study or
training purposes;

- to be made to look like something else;

After [2], the origin of this word is located in time in
the mid of 17th century from the Latin word simulat
that means copied or represented, from the verb
simulare, from similis "like".

Very interesting are the definitions given by [3] for
the notion of simulation. After [3], in British for the
simulation are usual the next definition:

- a model of a set of problems or events that can be
used to teach someone how to do something, or the
process of making such a model ;

- in football, the act of pretending to have been
fouled to try to win a penalty or free kick unfairly.

In American, the simulation is used after [3]
preferential meaning: a model of a real activity,
created for training purposes or to solve a problem.

Also [3] proposes the usual meanings in business
simulation:

- a situation or event that seems real but is not real,
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Rezumat: Lucrarea prezinta rolul simulatoarelor
proceselor fizice in procesul de constientizare de mediu
si in invatamant, accentuand asupra alegerii potrivite a
complexitatii acestuia functie de nivelul de profunzime la
care trebuie sau poate fi facuta expunerea. Autorii insista
asupra rolului mai important ce revine simulatoarelor
elementare (bazate pe modele matematice cat mai
simple), in procesele de constientizare de mediu si chiar
in invatamantul superior de profil. Saltul catre
simulatoarele complexe se poate face numai dupa
cunoasterea (ce inseamna a cunoaste un model si un
simulator, ne vom stradui sa explicam in lucrare)
modelelor elementare, iar folosirea eficienta a
simulatoarelor complexe este eficienta numai in echipe
de lucru care include specialist in cel putin 2 -3 sau mai
multe domenii conexe. Aceste opinii se sustin in lucrare
cu exemple de simulatoare si utilizarea lor in cazul
practice al simularii poluarii unui rau.

Cuvinte cheie: simulare, modelare, mediu inconjurator,
constientizare, invatare, practica, poluare

INTRODUCERE

Dupa [1], simularea este ceva facut pentru a da o
imagine, o simtire sau comportament asemenea unei
entitati asa incat sa poata fi utilizat pentru studiul sau
instruirea oamenilor:

-un calculator care simuleaza zborul spatial

-simulaea miscarilor unui corp

-computer care simuleaza in scopul
meteo. Dupa [2], simularea inseamna:

-a pretinde posesia unei simtiri particulare;

-a crea conditii particulare care exista in viata reala
folosind calculatoare, modele, etc., in activitatea de
studiu si invatare;

-a crea o imagine, care sa arate ca altceva;

Dupa [2], originea acestui cuvant se afla in timp
undeva in mijlocul secolului 17 in cuvantul latin simulat,
care inseamna copiat sau reprezentat, din verbul
simulare, din similis Ac a o .

Foarte interesante sunt definitile din [3]pentru
cuvantul simulare. Dupa [3], pentru acest cuvant sunt
uzuale urmatoarele definitii:

-un model a wunei multimi de probleme sau
evenimente, care pot fi folosite pentru a invata pe
cineva procesul de constructie a unui model;

-in fotbal, actul de a pretinde un fault pentru a obtine
o lovitura de penalizare. In SUA simularea are , dupa
[3], preferential sensul de model al unei activitati reale,
creat pentru instruire sau rezolvarea unei probleme.

Tot [3], propune urmatoarele sensuri in simularea
afacerilor:

- 0 situa$e sau un eveniment care pare real, dar nu

prognozei
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used especially in order to help people deal with such
situations or events;

In [4], the simulation suggests imitation: the process
of imitating a real phenomenon with a set of
mathematical formulas.

In fact, as with many other words, the simulation
has several meanings, acquired a vague and relative
to areas where it is used. It is certainly a feature of
modern language, which as you want exactly,
becomes inaccurate, the more are increasingly using
many words.

Consequently, by [8], a device that enable the
operator to reproduce or represent under test
conditions phenomena likely to occur in actual
performance, is called simulator. This device can be a
physical (small-scale simulation model, its electronic
one - analog simulation, a computer) or theoretical
(theoretical model with analytical solutions available).

A notion that can replace simulation that when this
is done theoretically, is numerical experiments. In this
case, the simulator is human mind or more generally,
thinking, or computer. According to [1], the numerical
experiment is included in what is called the
experimental mathematics. By [1], experimental
mathematics is a type of mathematical investigation in
which computation is used to investigate mathematical
structures and identify their fundamental properties
and patterns. As in experimental science, experimental
mathematics can be used to make mathematical
predictions which can then be verified or falsified on
the bases of additional computational experiments.
Borwein and Bailey (2003, pp.2-3) use the term
"experimental mathematics" to mean the methodology of
doing mathematics that includes the use of computation
for:

1. Gaining insight and intuition.

2. Discovering new patterns and relationships.

3. Using graphical displays to suggest underlying
mathematical principles.

4. Testing and especially falsifying conjectures.

5. Exploring a possible result to see if it is worth formal
proof.

6. Suggesting approaches for a formal proof.

7. Replacing lengthy hand derivations with computer-
based derivations.

8. Confirming analytically derived results.

Whatever type of simulation and the simulator, it can be
used with confidence only after validation. This means
that between the physical quantities involved in the
process must be examined, at least within certain limits,
relations between same characteristic values of the real
process. After validation, the simulator can be used to
find new relationships, finding optimal working processes,
or improvement in order to generalize.

I made a long introduction to define as precisely as
instruments whose use trying to comment on the work of
environmental awareness and pedagogical. We try to
prioritize their work simulators by the complexity of
environmental awareness and pedagogical. Below we
give a few examples, and then we draw conclusions.

MATERIAL AND METHOD

We examine a particular case, a pollution of a river,
but the most elementary possible, but coupled with
interaction with oxygen in the river water. This will give
greater scope conclusions.
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este real, folosit in special Tn scopul de a ajuta oamenii
se ocupe de astfel de situa$ sau evenimente

Cn [4], simul ar Sa precesy da &
imita un fenomen real, cuajutorul unei multimi de
formule matematice. De fapt, ca ki multe alte cuvinte,
simularea are mai multe sensuri, capatand un sens vag
Ki relativ dependent de zonele in care este utilizat. Este
cusigurang o acaeri stictkt a |carem
d u pifcercand sa fie cat mai exact, devine inexa c t Lt
atat mai mult folosesc din ce in ce mai multe cuvinte. Tn
consecing , dupa [8], un dispozitiv care permite
operatorului de a reproduce sau reprezenta fenomene
care pot st $eaerdetestare, est®mumii
simulator. Simulatorul poate fi fizic (model de simulare
la scara redusa, simulator analogic, un calculator) sau
teoretic (model teoretic cu solugi analitice disponibile).

O noSune care poate inlocui simularea, atunci cand
aceasta se face teoretic, este experimentul numeric. in
acest caz, simul atorul est e
general, géandirea, sau calculatorul. Potrivit [1],
experimentul numeric este inclus in ceea ce se numekte
matematica experimentala. Dupa [1], matematica
experimentala este un tip de investiga$ e mat em
care calculul este utilizat pentru a investiga structurile
matematice Ki a i dent i $eila @wndagmeaer
Ki ale modelelor. Ca ki in ktin® exper i m
matematica experimentala pot fi folosita pentru a face
predic$ matematice, care pot fi apoi verificate sau
declarate false pe baza experimentelor de calcul
suplimentare. Borwein ki Bailey ( 2003, pp 2-3) folosesc
termenul "matematica experimentala® 1n  sensul
metodologia de a face o ma t e meate i irclhide
calculul pentru:

1. Castigul de n&legere ki intuige.

2. Descoperirea noi modele ki rela$.

3. Folosirea reprezentarilor grafice pentru a sugera
principiile care stau la baza relatiilor matematice.

4. Testarea ki in special gasirea presupunerilor false.

5. Explorarea un posibil rezultatpe nt r u a v
acesta este o dovadt for ma

6. Sugerarea aproximari pentru un rezultat formal.

7. Trecerea calculelor lungi de mana pe calculator.

8. Confirmarea rezultatelor ob$nute analitic.

Indiferent de tipul de simulare, simulatorul poate fi
fol osit cu “ncr eder eAcestuucra

nseamnt padmefriinfizia ienplicati in procesul
trebuie verificate, Tn anumite limite, relaSile dintre

valorile caracteristice in procesul real. Dupt v a
simulatorul poate fi fol osi t pentru @
procese de lucru optimale, sau ~ $nbnuedereat
generalizarii.

Am fhLcut o introducere |
precis instrumentele folosite in activitatea de

conktientizare a mediului Ki p e d a glocgréiam tsa
ierarhizam complexitatea simulatorelor functie de nivelul
de constientizxare sau pedagogic. Urmeaza exemple si
concluzii.

MATERI AL kIl METODI
Probel e utilizate “n det
caracteristicilor fizice @

pe fluxul telpriolSadi.c Sgli cwn
Vede, Teleorman, Roménia. Au fost determinate
experimental: coeficientul de frecare static, unghiul de
taluz natural, masa Vvolum
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The mathematical model underlying the simulation, fieckrei fracgl at «i saur ofoa

consist of a system of two partial differential equation, porozitatea fracSiilor de
nonlinear, though simple, as the number of equations sitt pl ant aferent pasaj ul
and shape, boundary condition and initial pose difficult morii. Cn fig. 1 este pr
problems to solve.. mbtcinare a grikurilor | a wu
Table 1

List of model parameters, notations, units of measurement and simulation values Neajlov River.

model parameters Values in

notation name (units Sl) model
L polluted length of the river, m >10000
Dp pollutant dispersion coefficient on the variable direction x (m°day™) 34.56
Dx dispersion coefficient of dissolved oxygen in the direction of the variable x (m°day™) 34.56
v water speed in the direction of the x, m day™ 21600
A normal sectional area of the river, m” 12.5
q rate added pollutant along the river, kg m day™ 0.06
Ky coefficient of pollutant degradation rate at 20°C 8.27
Ks de-airing the rate coefficient for dissolved oxygen at 20°C 44.10
k halfsaturated concentration ratio of oxygen required to decompose the pollutant, kg m™ 0.007
V] mass transfer of oxygen from air to water, m°day™ 16.5
S oxygen saturation concentration, kg m” 0.01

The equations of the mathematical model are:

Ecuatiile modelului matematic sunt:

AP 2 VA
h( ):DP“(AP) vAF) K—2 AP gH(X, (x L< 60 >
Wt K XH k+ W
AX 2 VAX ’
HAX) _p BEAX) WVAY) X ap ahs X (x L <, teoy
it K XU X k+
where P is the pollutant, and X is the oxygen Unde P este concentratia de poluant, X este
concentration in the river water, and : concentratia de oxigen in apa raului si:
€0,x¢ 0
H(X)=} , 2
() t1,x> 0 @
is Heaviside function. Equations (1) add initial and este functia lui Heaviside. Ecuatiilor (1) |i se adauga

boundary conditions that will result for a particular case.
Nonlinearities make the system of equations to not be
solved analytically on the initial form (system solutions
are possible only in numerical form, at least currently).
Basic analytical solutions can be obtained in individual
cases which although possible, are generally rare in
nature. However, these solutions are the first that can
validate theoretical model, then opening the door to other
analytical and numerical investigations.

Particular solution

According with the authors of [2], is consider only the
steady-state solution in the case when dispersion can be
take negligible, Dp=0, Dx=0. For this case the system (1)
became:

d(vAR(%) _

conditiile initiale si conditiile pe frontiera pentru fiecare
caz particular. Neliniaritatile fac ca sistemul, in forma
initiala sa nu fie rezolvabil analitic (solutia este posibila
numai numeric). Solutii nalaitice fundamentale sunt
posibile in cazuri particulare a caror realizare in realitate
este rar intalnita. Totusi, aceste solutii sunt primele care
pot valida modelul teoretic, deschizand usa altor solutii
analitice si investigatiilor numerice.

Solutii particulare

Conform cu autorii [2], se considera humai solutia pentru
starea de echilibru, cu dispersie neglijabila, , Dp=0, Dyx=0.
In aceste ipoteze, sistemul (1) devine:

dx X (+ Kk C
(). COore() a(s X(3), (x 0

with boundary conditions::

cu conditiile la limite:
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R.(0)=0,X,(0) =S. @)
In addition to linearize equations is needed and In plus, pentru a liniariza ecuatiile este necesara si
hypothesis that the half-saturated oxygen demand ipoteza ca oxigenul necesar datorita degradarii
concentration for pollutant decay is negligible (k=0). In concentratiei acestuia fata de concentratia de
these circumstances, the solution is obtained: semisaturatie este neglijabila (k=0). Atunci se obtine:
2 -Kx A 2 Kix A -ax
a X6 K,g 1& 1 = 08K,gA X
o 2 o 1N\2
P(X=—"a - oX(® S —a e’ ol (5)
K Ac s K, ag & KA f aKA
As a consequence of assumptions, the solution (5) does Ca o consecinta a ipotezelor: solutia (5) nu depinde de
not depend on time and is valid only for x> 0 for x <0 with: timp si este adevarata pentru orice x>0, iar pentru orice
Ps(x)=0 and Xs(x)=S. Asymptotic behavior of the solution x<0: Ps(x)=0 si Xs(x)=0. Comportamentul asimptotic al
is given by: solutiei este dat de:
. . K
imP(¥=-—Tlim x(3 =5 2 )
x- B KA x-= ak,
A graphical representation of the solution to facilitate O reprezentare grafica a solutiei care faciliteaza
awareness constientizarea
For application if | got Neajlov River, Giurgiu County. The Ca aplicatie s-a un rau din judetul Giurgiu, raul
spill occurs near the bridge over the Neajlov The Neajlov. Portiunea de scurgere este situata in vecinatatea
settlement Calugareni. The graphical representation of podului de la Calugareni. Reprezentarea grafica a solutiei

the solution is given in Fig. 1. It was the first level of este data in fig. 1. Acesta a fost primul nivel de
complexity of the pollutant transport on the river complexitate al simulatorului fenomenului de transport al
phenomenon simulator. poluantului pe rau.

In [2], the authors make another through analytical In [2], autorii mai dau un rezultat obtinut pe cale
results, but with a broader hypothesis, however analitica, dar cu ipoteze ceva mai largi, totusi
improbable characteristics of situations in reality. Next we caracteristici unor situatii putin probabile in realitate. In
preferred to generalize the result to situations more likely continuare am preferat, pentru generalizarea rezultatului

in reality to solve numerically the problem (1) - (4). la situatii cat mai probabile in realitate, sa rezolvam
We constructed a simulation using Mathcad software numeric problema (1) - (4). Am construit astfel un
facility (can use Matlab, Mathematica, FlexPDE, simulator folosind facilitatle programului  software
COMSOL, and many other well-known software Mathcad (se poate folosi Matlab, Mathematica, FlexPDE
programs). COMSOL si alte multe programe software foarte
The results of this simulator can give to the one in Fig. cunoscute). Rezultatele acestui simulator se pot da la
1 or in separate graphical representations. nivelul celui din fig. 1 sau in reprezentari grafice separate.
This is the second level of complexity of the simulator Acesta este al doilea nivel de complexitate al
phenomenon of pollutant transport on the river. simulatorului fenomenului de transport al poluantului pe
The third level of complexity begins with complex riu.
software programs, specialized, such as WASP, ISIS, Al treilea nivel de complexitate incepe cu programele
FLO-2D and 3D SoilVision, etc. software complexe, specializate, cum sunt WASP, ISIS,
In this article we shall merely list them and to show the FLO-2D si 3D, SoilVision, etc. In acest articol ne vom
difficulties of use. margini sa le mentionam si sa aratam dificultatile de
utilizare.
RESULTS REZULTATE
A first result obtained using the mathematical model Un prim rezultat obtinut folosind modelul matematic (1)
(1) - (4) in the simplifying assumptions that allow - (4), in ipotezele simplificatoare care permit solutia

analytical solution (5) is given in Figure 1. This result analitica (5), este dat in fig. 1. Acest rezultat permite o
allows an awareness and education of good quality, fast constientizare si instruire de buna calitate, rapida si utila,
and useful, but not technically accessible than only to nu insa accesibila tehnic decat la nivel universitar.
university level. In fig.1 se arata suprapunerea reprezentarilor grafice
In Figure 1 shows overlapping plots of solution ale variatilor componentelor solutiei peste fotografia
component variations over river aerial photograph of the aeriana a zonei de rau pe care se urmareste fenomenul
area that aims phenomenon of pollution: pollutant de poluare: concentratile poluantului si oxigenului
concentrations and dissolved oxygen. On the aerial photo dizolvat. Pe fotografia aeriana a zonei sunt marcate
of the area are marked places for distance measurement locatiile de referinta pentru masurarea distantei pe axa
reference axis river. Marking labels appear on the raului. Etichetele marcajelor apar pe axa orizontala a
horizontal axis of the graphs of variation in pollutant graficelor de variatie a concentratiei de poluant si de
concentrations and dissolved oxygen. The map in Figure oxigen dizolvat. Harta din fig. 1 poate fi folosita pentru
1 can be used for delimitation of the river zone where delimitarea zonelor de riu in care anumite specii de
certain species of animals or plants are in danger of animale sau plante sunt in pericol de a-si pierde viata,
losing his life, to determine the location where pentru determinarea locatiei in care remedierea s-ar
remediation might make optimal aeration for delimitation putea face optimal prin aerare, pentru delimitarea unor
of any prohibited areas access people and animals. eventuale zone interzise accesului oamenilor si
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Map of Figure 1 represents an important public
awareness on how the phenomenon takes place,
especially around the affected area residents can identify
their homes or workplaces.

ISB:INNA-TEH 2015

animalelor. Harta din fig. 1 reprezinta si un important
mijloc de constientizare a publicului asupra modului in
care se desfasoara un fenomen, mai ales ca locuitorii din
jurul zonei afectate isi pot identifica locuintele sau locurile
de munca.
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Using experimental values, presented in table 2, were
drawn charts of variation of the average values for the
coefficient of static friction and the angle of natural slope
for the six grist fractions analyzed, using MS Excel
program version 12 (fig. 2).

Values of bulk density, specific surface, porosity and
mean diameter of the grist fractions analyzed are
presented in table 3.

Based on the data obtained and presented in Table 3,
were drawn, graphic, variations of bulk density, density,
specific surface and porosity of grist intermediate
products analyzed.

As can be seen from the analysis of data from table 3,
and of charts in figure 3, bulk density of fractions resulted
at sorting of grist in plansifter compartment C2 has a
random variation, it depends such on the type of sieve
frame fabric, and to the size of apertures of the working
sieve, but also of the initial granulation of grist or of shell
content adhesive on the semolina particles subjected to
grinding.

In Fig. 2-6 simulator results are given pollutant
transport phenomenon along a river, in the context of the
phenomenon of aeration as a remedy.

Fig. 1 Variation in poIItant and water dissolved oxygen concentrations along a section of river.
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Folosind valorile experimentale, prezentate n tabelul 2,
au fost trasate gr alorloc eéde
pentru coeficientul de fre
taluz natural pentru cele
utilizand programul MS Excel versiunea 12 (fig. 2).

Val oril e masei vol umi ce
specificexkipar dziame$iriul ui
mtcinik analizate sunt pre

Pe baza datelor obSinute
fost trasat e, grafic, vari
suprafeSei peci fice K i
int er medi ar e e mbcinik ana

Dupt cum se observit din a
cat ki a graficelor din fi @lor
rezul tate | a kdubntcampartementoltde
sitt plant &2Zaleaonre eaodepinzandi st
de tipul @ stt urii r a mexi de dimenstunea
orificiilor sitelor de lucru, dar ki de granula%a ini$ a |
m¢t c kuluii sau de con$nutul de Tinvelik aderent pe
particulele de grik s u pu s e Stk r un

In fig. 2 - 6 se dau rezultate ale simulatorului
fenomenuluio de transport poluant in lungul unui riu, in
contextul fenomenului de aerare ca remediu.
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Fig. 2 Space (left) and time (right) history of the timeand space factor control (discharge function).
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Fig. 3 Time history of the pollutant concentration in four location along the river.
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Fig. 4 Time history of the dissolved oxygen concentration in three location along the river.
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Fig. 6 Variation along the river of the dissolved oxygen concentrations at three time points.
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The function of discharge shall form a constant
multiplied by factors trapezoidal in time and space, factors
that delimit the range of temporal and spatial discharge
occurs. Temporal and spatial variation of the discharge
function are given in fig. 2. Spill (pollutant discharge)
occurs on a portion of length 99 m starting from 1 m
elevation (center area under the bridge at Calugareni over
Neajlov) for one hour at a rate g = 0.06 kg m™ day™.

History of the pollutant concentration of 3.6 hours in four
locations in the river (100 m, 1000 m, 2000 m and 0 m) is
given in Fig. 3. History the water dissolved oxygen
concentration of 3.6 hours in four locations in the river (100
m, 1000 m, 2000 m and 0 m) is given in Fig. 4.

Changes in concentrations of pollutants over the first
four kilometers of river measured from the central area
under the bridge at three time points, is given in Fig. 5.
Varying the concentration of dissolved oxygen in the water
during the first four kilometers of the river measured from
the central area under the bridge at three time points, it is
given in Fig. 6.

To achieve these results was considered a maximum
length of riverbed observable L = 10 km (until the first
tributary whose appearance made inoperative model).
Model characteristic parameters were fixed at values in
Table 1.

Calculation program has run a total of 100 temporal
steps and 1500 steps in space.

There are some fine points of the solutions (right
solution must be positive and after cancel remain zero until
the end if other leaks do not occur) that must meet to
obtain the correct solution.

CONCLUSIONS

Several conclusions can be drawn even if a description
of the same level computing very complex models cannot
be included in this article.

First, it is clear that at the level of awareness or
learning, mathematical models and simulators based on
them are more useful than the complex software programs
which include among other facilities the contaminant
transport simulation.
1D mathematical models are simple and easily verified by
our intuition about the phenomena of dispersion and
propagation of attenuated wave. The results of these
models allow the assessment of the time before a
dangerous pollutant concentration reaches a certain
distance from the spill site. This is the time available for
intervention. Some of the results are readily accepted and
even obtained an audience that is not technical
background. The operation of the simulator is not
recommended however that public, without further
instructions. In contrast, students in technical and
specialized audience, we recommend using these
simulators and the confrontation of the results with the
intuition and reality. Doing so can see advantages and
disadvantages of these models and simulators. The use of
elementary models and simulators facilitates the
understanding the logic of complex programs that solve
such problems. Even the simple model presented in this
work, it is not the easiest, because it includes parameters
that characterize the flow of water, oxygen and pollutant
dispersion and their interaction. Therefore, to ensure the
accuracy of results is required qualifications for modeling
dispersion and hydraulic phenomena in the transport of
substances, and (in the least) in numerical calculation. A
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Functia de deversare are forma unei constante inmultita
cu factori de tip trapezoidal in timp si spatiu, factori care
delimiteaza intervalul temporal si spatial in care are loc
deversarea. Variatia factorilor temporal si spatial ai functiei
de deversare sunt date in fig. 2. Scurgerea (descarcarea de
poluant) are loc pe o portiune de lungime 99 m incepand de
la cota 1 m (centru zonei de sub podul de la Calugareni
peste Neajlov) timp de o ora, cu un debit q=0.06 kg m” zit.

Istoria concentratiei de poluant in 3.6 ore in patru locatii
ale riului (100 m, 1000 m, 2000 m si 0 m) este data in fig. 3.

Istoria concentratiei de oxigen dizolvat in apa in 3.6 ore in
patru locatii ale riului (200 m, 1000 m, 2000 m si 0 m) este
data in fig. 4.

Variatia concentratiei de poluant in lungul primilor patru
km ai riului masurati de la zona centrala de sub pod, la trei
momente de timp, este data in fig. 5. Variatia concentratiei
de oxigen dizolvat in apa in lungul primilor patru km ai riului
masurati de la zona centrala de sub pod, la trei momente de
timp, este data in fig. 6.

Pentru a obtine aceste rezultate s-a considerat o lungime
maxima a albiei observabile L= 10 km (pana la primul
afluent a carui aparitie face modelul inoperant deoarece
apare un debit de apa parazit care modifica relativ brusc si
intr-o sectiune mica, debitul de apa si concentratiile de
poluant si oxigen). Parametrii caracteristici modelului au fost
fixati la valorile din tabelul 1.

Programul de calcul a rulat cu un numar de 100 de pasi
temporali si 1500 de pasi in spatiu.

Exista o serie de aspecte fine ale solutiilor (solutia corecta
trebuie sa fie pozitiva si dupa ce se anuleaza sa ramana
nula pana la final daca alte scurgeri nu se manifesta) care
trebuie satisfacute pentru a obtine o solutie corecta.

CONCLUZzII

Cateva concluzii se pot extrage chiar daca o descriere a
aceluiasi calcul in modele de nivel foarte complex nu pot fi
incluse in acest articol.

In primul rand este clar ca la nivel de constientizare sau
de invatare, modelele matematice si simulatoarele bazate pe
ele sunt mult mai utile decat programele software foarte
complexe care includ printre alte facilitati simularea
transportului de poluanti.

Modelele matematice 1D sunt simple si usor de verificat
in baza intuitiei nostre despre fenomenele de dispersie si
propagare a undelor atenuate. Rezultatele acestor modele
permit aprecierea timpului dupa care o0 concentratie
periculoasa de poluant ajunge la o anumita distanta de locul
scurgerii. Este timpul avut la dispozitie pentru interventie. O
parte din rezultate sunt usor de acceptat si de obtinut chiar
de un public care nu este de formatie tehnica. Operarea pe
simulator nu se recomanda totusi acestui public, fara
instructie suplimentara. In schimb, pentru studentii in
domeniul tehnic si publicul de specialitate, se recomanda
utilizarea acestor simulatoare si confruntarea cu intuitia si
realitatea a rezultatelor obtinute. Procedand in acest fel vor
putea observa avantajele si dezavantajele acestor modele si
simulatoare. De asemenea, utilizarea modelelor si
simulatoarelor elementare, faciliteaza intelegerea logicii
programelor complexe care rezolva astfel de probleme.
Chiar simplu fiind modelul prezentat in aceasta lucrare, el nu
este cel mai simplu, deoarece include parametri ce
caracterizeaza curgerea apei, dispersia poluantului si
oxigenului si interactiunea acestora. Prin urmare, pentru a
garanta corectitudinea rezultatelor este necesara pregatirea
specialistului  in modelarea fenomenelor de dispersie si
hidraulica, in transportul de substanta, dar si (catusi de
putin) in calculul numeric. Un model elementar de acest tip
1D nu poate reda o serie de aspecte importante: diferenta
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basic model of the 1D cannot play a series of important
aspects of pollutant concentrations difference between the
central area of the riverbed and banks, concave geometric
concentration in certain areas (ports, piers, river basins in
communication with), etc. Other issues on which model
they contain are not exposed to the influence of thermal
field, the influence of atmospheric pressure, influence the
quality of river fluid (density, viscosity, speed side)
interaction with river tributaries, normal variation riverbed
section, additional flows from rainfall, etc. To account for
these phenomena, enter third level of models and
simulators, namely complex software programs. These
problems coupled fluid flow problem with the transport of
substances and energy problem, the problem of heat
transfer an biomass and contain empirical relationships
between certain parameters of the model. To give a brief
idea on how these programs can address demands an
example of the WASP program offered for free.

Inputs include: geometry riverbed, the necessary data
integration (start time and end time, minimum step, the
method of integration, etc.), system polluted with their main
properties, constants parts to the surface and pores data
about fluid flow and how it is done downloading pollutant,
boundary conditions, Time for loading and border
conditions, the output. Therefore the use of this program
required knowledge in different domains that consequently
a number of specialists in various fields. For this reason it
is not recommended to use such simulators in awareness
activities and training specialists formation. These
programs are recommended by specialist teams already
trained in the necessary fields.
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de concentratii ale poluantului intre zona centrala a albiei
riului si maluri, concentrarea in anumite zone geometrice
concave (porturi, dane, bazine in comunicatie cu riul), etc.
Alte aspecte pe care modelul expus nu le contine sunt
influenta campului termic, influenta presiunii atmosferice,
influenta calitatilor fluidului riului (densitate, viscozitate,
viteza laterala) interactiunea cu afluentii riului, variatia
sectiunii normale a albiei riului, debitele suplimentare de la
ploi, etc. Pentru a tine seama de aceste fenomene, se
introduce al treilea nivel de modele si simulatoare, anume
programele software complexe. Aceste probleme cupleaza
problema curgerii fluidelor cu problema transportului de
substanta si energie, cu problema transferului de caldura si
a biomasei si contin si relatii empirice intre anumiti parametri
ai modelului. Pentru a da o idee cat de sumara asupra
cerintelor acestor programe se poate aborda un exemplu
dintre cele oferite gratuit de programul WASP.

Datele de intrare contin: geometria albiei riului, datele
necesare integrarii (timpul de start si timpul final, pasul
minim, metoda de integrare, etc.), sistemul de poluanti cu
proprietatile lor principale, constantele de schimb Ila
suprafata apei si in pori, date despre curgerea fluidului si
despre modul in care se face descarcarea de poluant,
conditiile pe frontiera, functii de timp pentru incarcare si
conditii la frontiera, date de iesire. Prin urmare utilizarea
acestui program cere cunostinte din varii domenii, in
consecinta un numar de specialisti din diverse domenii. Din
aceasta cauza nu se recomnada folosirea unor astfel de
simulatoare in activitatile de constientizare si instruirile de
formare a specialistilor. Aceste programe se recomanda
echipelor cu specialisti deja formati in domeniile necesare.
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Abstract: The quality and cost of products are functions
dependent on the level of the applied technologies since
the conception phase. This paper presents a 3D
parametric modeling of the gearbox in oil bath, part of
the machine for regenerate grasslands made by S.C.
MECANO FUC S.A. in partnership with INMA
Bucharest. Parametric modeling was performed using
the software SolidWorks 2013. This version of software
has the necessary functions allowing a three-
dimensional view based on the entire components of the
gearbox. By approaching this concept was achieved
remarkable progress in reducing the design time and
lowering the cost price at the producing company.

Keywords: 3D modelling, machine for

regenerate, grasslands

gear box,

INTRODUCTION

Currently, CAD programs (Computer Aided Design)
know a widespread in engineering applications, due to
their crucial role in increasing productivity in the design of
new products [5].

Through their development, they were able to be
implemented the methods and means of design (design/
technological) and manufacturing the parts and
subassemblies from the components of mechanical
systems CAD - CAM - CAE (Computer Aided
Manufacturing, Computer Aided Engineering). [9].

That's why, in the top research from this category, was
aimed to increase the navigation commands, selection and
to improve the functionalities of CAD modeling based on
parametric feature [7].

Parametric modeling is based on the construction of a
sequential model and is the working default mode of the
program, so that the properties of individual elements of
construction or assembly are interconnected, being able to
make interactive changes in quotas or geometric
properties from the entity at any time of the model
realization, changes immediately reflected on components
items [8].

One of 3D CAD programs for parametric geometric
modeling (3D) is the SolidWorks software package
produced by Dassault Systemes SolidWorks Corp. It works
under Windows environment and benefit from its graphical
interface. The main advantage of the Solidworks software
package (and in general from the CAD programs working
natively in 3D) is that allow achievement with precision the
3D projects, both individual parts and also assemblies, as
well as associative generating, based on 3D models of 2D
execution and overall drawings [10].

In general, gearboxes with impulses are made up of
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one or more cam-rocker mechanisms which transforms the
uniform rotary motion of the camshaft a periodic
movement, as a "pulse”, of the drive shaft of the metering
apparatus, with a certain degree of non-uniformity. The
continues variation of transmission reports is done by
adjusting the angle of rotation of the driving element, for a
pulse the balance [6].

Their parametric design starts from the functional role
namely the insurance of a specific frequency range that
contain gear ratios covering entirely the range necessary
to achieve the seeding rules according to agro-technical
requirements [1].

During the stage of parametric modeling can be
created new mechanical systems or templates, that are
part of the product composition, by rigid and flexible
representations of the parties, connected using geometric
and kinematic constraints and who can be act by external
and internal forces/moments [2].

Mass properties of parts and sub-assemblies can be
obtained from associated solid models (3D CAD), while the
vibration characteristics may result from models based on
finite element (FEA-SolidWorks Simulation) [3].

The purpose of this paper is to show, by the freedom
offered by the complete design of parts in the context of an
overall, thus ensuring the bidirectionality changes
ensemble design, the efficiency of parametric modeling
method using SolidWorks software package version 2013,
for being assimilated by businesses machine builders.

MATERIAL AND METHOD

Based on scientific and technical knowledge and
devel oped practical skills
mostly, by parametric modeling, optimizing the gearbox
with impulses in oil bath from the machine for regenerate
grasslands, in terms of conceptual, functional,
constructive, technological and economic.

The modeled gearbox consists of two mechanisms
type oscillating cam-follower. To increase the uniformity of
the rotation of the output shaft, they are mounted in
parallel and operating out of phase by an angle whose
value depends on the number of cams and the number of
lobes thereof.

The type box is with mechanism to which the contact
(point M) between the leading element (cam) and the
follower (rocker cam) is made directly, and the oscillating
tappet roller moves on a plate for limiting the stroke.

The varying rotation of the output shaft is carried out by
increasing or decreasing the
rod (beam) (Figure 1), as a result of the action of a
restriction plate [4].
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Fig. 1 - Oscillating appet - cam type mechanism

For parameterized design of the gearbox with
impulses in oil bath from the machine for regenerate
grasslands was used a CAD specialized system
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(SolidWorks software) which, by the extensive facilities,
allowed the use at the same time of geometric data and
technological informations to lifelike achieve the 3D
model, the restrictions and operating conditions.

Parts modeling is based on achieving the 2D sketch -
which elements belong to an unique plan. SolidWorks
offers a variety of tools for creating the geometric profiles,
the following entities are available in the toolbar sketch:
Line, Circle, CenterPoint arc, Tangent arc, 3 point arc,
Ellipse, Partial Ellipse, Parabola, Spline, Polygon,
Rectangle, Parallelogram, Point, Centerline. When
generating the solid entity were used some of the
modeling commands specific for the software, such as:
Extrude Feature, Extruded Cut, Revolved Boss/Base,
Swept Boss/Base, Lofted Boss/Base, Hole Wizard,
Revolved Cut, Swept Cut, Lofted Cut, Fillet/Round,
Chamfer, Rib, Draft, Shell etc.

Assemblies modeling and general assembly was
performed through a freedom of complete design parts
with Part module, the achievement of drawings with
Drawing mode respecting the existing 1ISO standards, 1ISO
SR, SR EN ISO, followed by the entities assembling using
Assembly module, thus ensuring the bidirectionality of
changes for whole-drawing.

The three-dimensional modeling allowed alongside the
spatial visualization of the elements of composition and an
ease understanding of the principle operation of the
gearbox with impulses, because the components can
explode in part for suggest the assembly.

Making of general assembly was done by imposing
constraints that define the relationships between
component sub-assemblies, following the order of
assembly. The constraints imposed on each component
have reduced the number of freedom degrees. The main
component, which is the gearbox housing, was totally
constrained or fixed by removing all degrees of freedom.

Using Simulation module, for each component piece, it
was performed a linear static analysis, which calculates
displacements, stresses, reaction forces under the effect
of applied loads. The steps were: importing the module
geometry, defining the material, defining the appropriate
restrictions, the meshing, the analysis calculation and
viewing the results. For this purpose, it was necessary to
define material characteristics: elastic module E and the
Poisson coefficient v. By selecting a material from the
SolidWorks library, could be required the automatically
assign of these properties. After defining a full study, the
results have been obtained and viewed by running the
analysis study.

By going through three distinct phases determined by
the kinematic design, organological and linear static
analysis, It has been solved by the parameterized design
the following requirements: the purpose of the gearbox
with impulses in oil bath in the machine for regenerate
grasslands, the functional principles and execution
technology.

RESULTS

Figure 2 presents the 3D geometric model of
impulse gearbox in oil bath, which was developed with
SolidWorks software. The components are metal
structures such as: housing, shaft, cam, U profile, arc
and standardized elements as screw type, spring pin,
overrunning elastic clutch etc.
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baie de ulei in cadrul makinii de regenerat pajikti,
principiile func$onale ki tehnologia de execu$e.

REZULTATE

In figura 2 este prezentat modelul geometric 3D al
cutiei de viteze cu impulsuri in baie de ulei, care a fost
realizat cu  programul  SolidWorks.  Elementele
componente sunt structuri metalice de t i pul C
camt, p r o fki dlemedte staadardizate de tipul
Kurub, ktift elastic, cuplaj elastic unisens etc.



INTERNATIONAL SYMPOSIUM

ISB:INNA-TEH 2015

|
j

1

¢l
s 15
Eit
s

SEIPIPPEPEBIESIIPIII

[T

i ieeehete b 4

Fig. 2 - 3D geometric model of gearbox with impulses in oil bath

The following are the stages of realization o 3D
geometric patterns for some of the component parts of
the gearbox with impulses.

Figure 3 presents the basic outline sketch of the
gearbox housing, which was formed with orientation
Normal To plan sketching. The geometry has been
completely defined (is black), because all the lines and
curves of the sketch as well as their positions are
governed by the dimensions and / or geometrical
relationships. 3D geometric model of housing was
achieved by using commands Extruded Boss / Base,
Shell, and Extruded Cut Fillet / Round.

In continuare sunt prezentate etapele de realizare a
modelelor geometrice 3D pentru cateva din reperele
componente ale cutiei de viteze cu impulsuri.

Cn figura 3 esBQeeprepneahua
pentru carcasa cutiei de viteze, care afostr e al i z a
orientarea Normal To la planul de schifre. Geometria a
fost compl et definitrhea(@are , c
toate liniile ki curbele din schi® p r ekcpozifile lor sunt
guvernate de dimensiuni ki/sau relagi geometrice. Modelul
geometric 3D al carcasei a fost ob$nut prin utilizarea
comenzilor Extruded Boss/Base, Shell, Extruded Cut ki
Fillet/Round.
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Figure 4 shows the 3D geometric model of the
output shaft. The modeling part was done by using
Revolved Boss / Base command, which creates a
geometry by turning a sketch around an axis line
(Centerline). Dimensioning the sketch was
technological performed as the drawing can be
obtained easily and without interfering too much on him
by using Model Items command from Drawing module.

Fig. 3 - The basic outline sketcforof the gearbox
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housing

In figura 4 este prezentat modelul geometric 3D al
axului de iekire. Modelarea reperului s-a efectuat prin
utilizarea comenzii Revolved Boss/Base, c ar e cCcr |
geometrie prin rotirea unei schi® in jurul unei linii de axa
(Centerline). Cotarea schi®i a fost r eal i zat t
pentru ca desenul de execu$e cotat st speo a bbigne
UKor Ki fert a inter venprin wlizaeren
comenzii Model Items din modul Drawing.
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7 Fig. 4 - Geometric model of the output shaft -
Linear Static Analysis aimed a preliminary Analizast atict | iniarkt a avlt
verification of stress and elastic deformation occurring prel i minar t kiaefotmma$fos élastice chre apar

in basics of gearbox with impulses, those acquiring
large requests developed during the working process.
For example, for linear static analysis of the ring of
averrunning clutch, which is a part of the gearbox with
impulses, were the following steps:
- Was selected the material from the SolidWorks library
(was assigned Plain Carbon Steel material, whose main
alloying element is carbon concentration of 0.16 ...
0.29%. Its properties, according to the database of
SolidWorks are: modulus of elasticity 2.1 x 1011 N /
m2; Poisson's ratio 0.28; density of 7800 N / m3; tensile
strength 399 826 x 106 N / m2; flow limit 220 594 x 106
N / m2);
- They were canceled the degrees of freedom in the
direction perpendicular to contact inner cylindrical
surface with the overrunning clutch;
- Was selected the charging on model from External
Loads tab (When force is applied to a benchmark it tries
to absorb its effects by developing internal forces. The
effort represents the intensity of these internal forces
and its unit of measurement is: force per area unit);
- Was made the mesh with high quality (resulted in a
total of 81 438 knots and a number of 54 882 finite
elements);
- Was run the analysis study after full definition, and the
results could be viewed.

Von Mises Tension has maximum value in the hinge
area with oscillating tappet body, and its distribution is
shown in Figure 5.

n elementele de bazt ale
cel e car e preiau solicitt
procesului de lucru. De exemplu, pent r u anal
Il iniart a i nel ul,uare faca pdrta diru
componen$ cutiei de viteze cu impulsuri, s-au parcurs
ur met oir i i pa
- a fost selectat materialul din biblioteca SolidWorks
(materialul atribuit a fost Plain Carbon Steel, care are ca
principal element de aliere carbonul in concentra$e de
0,16éDP9 %. P #leo aresiuia, tcénform bazei de
date a SolidWorks, sunt ur mt t a amodulue de
elasticitate 2,1x10™ N/m?% coeficientul lui Poisson 0,28:
densitatea 7800 N/m?; rezisten$ la rupere 399,826x10°
N/m?; limita de curgere 220,594x10° N/m?);

- au fost anulate gradele de libertate pe direca
perpendicul af tcillai rsdurpircatf ai n
cu cuplajul unisens;

-a fost Selcectcarea pe Bxedd
Loads (Cand for@ este ap | i @ea tntreper acesta
"ncearct st absoar bt egfirgemne..
Efortul r e p r e intensitatéa acestor for® interne ki are
caunitated e mkbt dous pe unitatea de suprafa$);

-a fost riccretl raméed du o c(au
rezultatun numbkr de &1488 mwodumr
elemente finite);

-afostrulats t udi ul duep ta ndad fiiznti riari
rezultatele au putut fi vizualizate.

Tensiunea von Mises are o
articula$e cu corpul tachetului oscilant, iar distribu$a
acesteiaest e prezentatt “n fig.

Fig. 5 - Von Mises stress distribution

The maximum value of displacement was located at
the end of the articulation with the oscillant follower and

Val oar ea maxi mk a dost deplua
extremitatea articula$ei cu tachetul oscilant iar distribu$a
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its distribution is shown in Figure 6.
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acesteiaesteprezentatt “n fig. 6.

Fig. 6 - The resultant displacement distribution

CONCLUSIONS

3D modeling greatly reduce the runtime and realize
important benefits;

Using 3D imaging facilitates recognition of
components and the understanding of operating
principle of impulses gearbox;

3D modeling leads to creation of a virtual product,
whose execution can be simulated (for example:
operations such as turning, milling, drilling, etc.);
Calculation of stresses and strains values offers to
design engineers a numerical solution to check the
strength of product components in order to eliminate
the faults that can occur during exploitation.
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CONCLUzII

Modelarea 3D reduce foarte mult timpul de execu$e
realizand importante beneficii;

Utilizarea i maginii KBebea
elementelor componente ki in®legerea principiului de
func$onare al cutiei de viteze cu impulsuri;

Modelarea 3D conduce la realizarea unui produs
virtual, a echoaeteekicagi mu
opera$ i cum sunt: strunjirea,

Calcularea valorilor tensiunilor ki deformaSlor o f e
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rezisten& componentelor produsului Tn scopul el i mi
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MATHEMATICAL MODELING OF THE THRESHING PROCESS
MADE BY THE THRESHING SYSTEMS WITH MULTIPLE ROTORS
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REALIZAT DE APARATELE DE TREIER CU ROTOARE MULTIPLE
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Abstract: The researches regarding the threshing
process made by tangential threshing system of
conventional combines harvester had as result the
obtaining mathematical models, based on
experimental datas, expressed through functions that
define partial this process. Moreover, for the threshing
systems with multiple rotors, the mathematical
modeling of threshing process made by them it is more
difficult. This paper presents a mathematical model of
the threshing process made by the threshing system
with multiple rotors of the Romanian combine
C110ATM.The mathematical model was based on the
experimental datas made by INMA Bucharest in 2001.
Keywords: combine harvester, tangential threshing
system, threshing system with multiple rotors, threshing
process, mathematical models.

INTRODUCTION

The threshing process of the conventional combine
harvesters is made by the tangential threshing system
and it consists in breaking the link between the seeds
and plant and separation of them through concave.[7]

The tangential threshing system is the main work
organ of a conventional combine harvester in terms of
the seeds separation and is positioned in the
technological flow of this combine between the
feederhouse and the straw walkers [8]. (Fig. 1)

I —
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A PROCESULUI DE TREI
Rezumat: Cercet tril e privind p

de aparatul de t r e al e combinelar
convenSional e de auraeut cal rezaltat
obSinerea de model e mat e

experimentale, exprimate prin f u n ca$eidefinesc doar

par Si al a ¢ @usatat maipnulp peetrs aparatele
de treier cu rotoare mult
procesul ui de treier real
di ficilt. Lucrarea de faSt

procesului de treier realizat de aparatul de treier cu mai
multe rotoare al combinei romén e K t i Cl110A1
matematic prezentat s-a bazat pe datele experimentale

realizate de | NMA Bucurext
Cuvintecheieecombi nt de recoltat
tangenSi al, apar at de trei

treier, modele matematice.

INTRODUCERE

Procesul de treier al combinelor c o n v e n Sdec
recoltat cereale este realizat de aparatul de treier
tangen$Si al desfacerea legtaritor séminglor
cu planta ki separarea acestorapr i n cont[dab

Aparatul de trei er tangenSi al es
organ de lucru al unei con
cereale din punct de vede
este pozi Sionat “n fluxul

"ntre elevatorul cenl)ral K

)
faaderhause

n
tangential threshing sysism

T 3
LS n
shaw walkess  clearing system

Fig. 11 The tangential threshing system in the technological flow of a conventional combine harvester [3]

In optimal conditions, the separation of seeds in
tangential threshing system can be up to 85%, falling
below 50-60% in the conditions of inadequate
adjustments and a culture with high humidity. [5]

The tangential threshing system must ensure a
threshing process with remained seeds in heads of grain
under 1%, free seeds in straw under 14% and broken
seeds under 2% of the harvested production. [9]

The main components of tangential threshing system
are: threshing cylinder, concave, beater and concave
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In condig optime, separarea semin@®lor in aparatul de
treier tangen3al poate fi de maxim 85%, scazand sub 50-
60% Tn condigile unor reglaje necorespunzttoare ki 0
culturk cu umiditate ridicatt. . [ 5]

Aparatul de treier tangen$al trebuie st asigure un
proces de treier cu semin$g
sub 1%, semi nSe l'i bere “'n pai
vitamate sub 2% dinproducga r ec.g9 t at L

Componentele principale ale aparatului de treier
tangenSial usunobnt bug b iptots tt ubiik

ER
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extension [2]. (Fig. 2)

feederhotse

concave
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prelungireac ont r a b2k ffigc2)or [

- beater

A e |. /
conciave
extension

/
straw walkes

Fig. 21 The main components of the tangential threshing system [2]

At the current combines equipped with tangential
threshing system, to improve the threshing process,
some firms use threshing systems with multiple rotors,
who can be placed after beater (New Holland, Laverda)
or in front of the threshing cylinder (Claas), Fig. 3.

La combinele actuale prevkzute cu aparat de treier
tangengal, pentru a imbunt t itpi®cesul de treier, unele
firme folosesc aparate de treier cu rotoare multiple, care
pot fi amplasate dupt postbttttor (New Holland,

Laverda) sau in fa% bttt torului (Claas), fig. 3.

Multi-threshing system with Optithresh concave - CS combines (New Holland) Multi Crop Separator - LXE, M300 combines (Laverda)

Fig. 31 The threshing systems with multiple rotors [12,13,14]

At the threshing system with multiple rotors, the
separation surface of seeds increases by 65-75%, the
index of seeds separation is 90-95%.[5]

The flow rate of a combine with threshing system with
multiple rotors is higher by 14-20% than that of a
conventional combine. [5]

Romanian combine C110ATM has in component a
threshing system with multiple rotors, its location in the
technological flow of the combine is shown in Fig. 4.
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La aparatele de treier cu rotoare multiple, suprafa% de
separare a s e mi seShmterder cu 65-75%, indicele
total de separare ad%% {Hmi n$S

Debitul unei combine cu aparat de treier cu rotoare
multiple este mai mare cu 14-20% decét al unei combine
convengonale. [5]

Combina ro@®iaéaysmMtare " n
aparat de treier cu rotoare multiple, amplasarea acestuia
in fluxul tehnologic al combineiestepr ezent a4. t
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leedenlmouse threshing system with multiple rotors cléaning system  straw walkers
Fig. 41 Location of the threshing system with multiple rotors at C110ATM combine [1]
MATERI AL kI METODI
The threshing process takes place in the threshing Procesul de treier are | o
“ntre bbttittor Kiensiunite rcdractaribticet

space, positioned between threshing cylinder and concave,
the characteristic dimensions of this being the concave
radius Rq, the concave winding angle Uand the distances d;
and d. between threshing cylinder and concave. (Fig. 5)

ale acestuia fiind raza R; a contrabttttorului, unghiul U
de inft. wrare a contrabttttorului ki distangle di ki de ntre
bttt tor ki contrabttttor. (fig. 5)

Fig. 51 The threshing space of the tangential threshing system [1]

The threshing space length of the tangential threshing
system can be calculated with relationship 1. [5]

s=pR

where s is length of the threshing space; Rc T radius of
the concave; U- winding angle of the concave.

The researches regarding the threshing process in the
tangential threshing system had as a result the obtaining
of mathematical models based on experimental data,
expressed by functions who define partial the threshing
process, the method used being the linear mathematical
regression, nonlinear or multiple. [5]

We present below the most important mathematical
models concerning the percentage of seeds separated by
concave depending on the length of threshing space at
the conventional combines. [4,6]
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a
1ag y[m]

Lungimea spa$ului de treier al aparatului de treier

t a n g ese foatadalcula cu rela$a 1. [5]

1)

unde s este lungimea spa3ului de treier; Rc - raza
contrabttttorului; U - unghiul de 1inft wrare al
contrabttktorului.

Cercettrile privi rirdapaatulode
treier tangen$al au avut ca rezultat ob$herea de modele
matematice pe baza datelor experimentale, exprimate
prin func$ care definesc doar par$al procesul de treier,
metoda folositt fiind regresia matematick liniark,
neliniark sau multiplt. [5]

Tn continuare prezenttm cele mai importante modelele
matematice privind procentul seminglor separate prin
contrabt t tt or " n funcSie de |
combinele co#4BlenSional e.
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Table 1
Mathematical models of the threshing process at the conventional combines [4,6]
Model Structure Notations
where 3(s) is the percentage of seeds separated
[k s+k & +k3§£ by concave depending on the length of
8%?%? 3 ( )5 = é 0 81 If[ - % threshing space;
s i length of the threshing space,inm;
ky, ko, ks T threshing coefficients (experimental).
Rusanov A.J. 3 ( F — 0 -Og 1 Ui winding angle of the concave, inradians;
(1976) s p i threshing coefficient (experimental).
Y 'kPY |
Trollope J.R. 3 ( )5 — g 0 Cge Og 'lkFg & (‘g) k,c i experimental coefficients;
(1982) s a kP. -¢ v g 1 geometric function onthe winding angle.
0 u
Miu Petre 2 ( )S 1_ 0 ) ( a —bs]) . (e -as s i length of the threshing space,inm;
(1995) s a-b€ 3’ a,b 1 threshing coefficients (experimental).
E(I)erg;litj]'léaém d3"s( )5: 100é1 A ( kz & _@s) ( 1"9‘ et %’ s i length of the threshing space ,inm;
(1972) ds & kZS i Ak, 1T threshing coefficients (experimental).
Alferov S.A and i gkos _ghss . ) o
: - - e s i length of the threshing space ,inm;
Braginec V.S. 35:( )S < 0 bs 1 k -k o A ko ki T threshing coefficients (experimental).
(1972) é 1" % U

Koen Maertens and Josse De Baerdemaeker have
published in 2003 the results of experiments performed
at stationary on the tangential threshing system of a New
Holland combine harvester for feed rates of 25-45 t/h
(6.94-12.5 kg/s) 15.5-15.9% seeds humidity, 12-13%
straw humidity, comparing with the 6 mathematical
models shown in Table 1, the best results being achieved
by mathematical models Rusanov, Caspers and Alferov-
Braginec, in that order. [4]

C110 combine harvester of the company
Semktnttoarea (Romania) went into production in 1994.
[16] After 2000 were made at INMA Bucharest
researches to increase the working capacity of this
combine, by introducing a threshing system with multiple
rotors (ATM), yielding a increase of the seeds separation
surface at the level of threshing system with 84%.[11]

The constructive scheme of the threshing system with
multiple rotors at C110ATM combine is presented in
Figure 5. [1]

Koen Maertens ki Josse De Baerdemaeker au publicat
in 2003 rezultatele experimentelor efectuate la sta$onar
pe aparatul de treier tangen$al al unei combine New
Holland, pentru debite de alimentare de 25-45 t/h (6,94-
12,5 kg/s), umiditatea seminglor 15,5-15,9%, umiditatea
paielor 12-13%, comparandu-se cu cele 6 modele
matematice prezentate in tabelul 1, rezultatele cele mai
bune fiind ob$hute de modelele matematice Rusanov,
Caspers ki Alferov-Braginec, in aceasta ordine. [4]

Combina C110 a firmei Semtnttoarea (Romania) a
intrat Tn fabrica$e Tn 1994. [16] Dupa anul 2000 s-au
ftcut | a I NMA  Bagrcettri énk tederea mdririi
capacitad de lucru a acestei combine, prin introducerea
unui aparat de treier cu rotoare multiple (ATM),
ob$nandu-se o mtrire a suprafe®i de separare a
seminglor la nivelul aparatului de treier cu 84%. [11]

Schema constructive a si st emul ui d

multiple al combinei C110ATM este p r e z e fintfigutal
5. [1]

concave of
soparation rotor

~ | concave of beater

Fig. 5 - The constructive scheme of the threshing system with multiple rotors at CL10ATM combine [1]

Characteristic for ATM is possibility to rotate the last

Caracteristic ATM-ului este posibilitatea de rotire a
ul t i mel ocontralitthtoare (numite Tn continuare
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two concaves (hereinafter called separation concaves),
their threshing function canceling, the rotor separation
just having the role of transport and directing the straw.
The canceling of this function is made if the harvesting
exceeds the optimum period, because in this case there
is an excessive shredded of the straw, with negative
effects on shaking and cleaning processes. [11]

Technical features of the threshing system with multiple
rotors at CL110ATM combine harvester are presented in
Table 2. [11]

ISB:IN/ H:2015

contrabtbtttt oarfenctd de traee parastara
anulandu-se, rotorul de separare avand doar rolul de
transport ki direconare a paielor. Anularea acestei func$
se face d actecoltarea deptkKekt e per,
deoarece in acest caz are loc o marun$e excesivk a
paielor, cu efecte negative asupra proceselor de
scuturare Ki curtSire. [11

Caracteristicile tehnice ale sistemului de treier cu
rotoare multiple al combinei C110ATM sunt prezentate in
Tabelul 2. [11]

Table 2

Technical features of the threshing system with multiple rotors at C110ATM combine harvester

diameter [mm] 600
. . length [mm] 1080
Threshing cylinder Sumber of bars 3
RPM [rot/min] 460-1200
number of bars 13
Concave surface [ m? 0.67
winding angle 111°
Beater diameter [mm] 360
RPM [rot/min] 760
Separation rotor diameter [mm] 491
RPM [rot/min] 920
number of bars 7
winding angle 60°
Beater concave surface [m?] 0.303
fixed distance between beater and concave [mm] 25
number of bars 6
. winding angle 50°
Separation rotor concave surface [m7] 0253
fixed distance between rotor and concave [mm] 25

The mathematical model of the threshing process
made by the threshing system with multiple rotors ATM,
which we propose, is based on the mathematical model
Rusanov, considered by researchers Koen Maertens and
Josse De Baerdemaeker as the mathematical model
wich best describes the separation seeds in the
tangential threshing system.[1]

Thus, the percentage of seeds separated by the
concaves ATM, depending on the length of threshing
spaces and the winding angles size of the concaves is
given by relationship 2. [1]

Xsatm (S

where 3satm(S) is the percentage of seeds separation
in ATM; sy T the threshing space length of the concave;
Sy 1 the threshing space length of the beater concave; s3
I the threshing space length of the separation rotor
concave; Uy i the winding angle of the concave; U, i the
winding angle of the beater concave; s i the winding
angle of the separation rotor concave; p; i the threshing
coefficient for seeds separation through concave; o i
the threshing coefficient for seeds separation through
beater concave; ps 1 the threshing coefficient for seeds
separation through separation rotor concave.

The threshing space length of ATM concave is
calculated with the relationship 3.

_ a,
s =pR, 180" [m]

where s; is the threshing space length of ATM
concave; Rq i radius of the concave; Ui i the winding

( ):lOO%_-e-%ﬁpf“' 932‘2 +aggs §, [%]
g
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Modelul matematic al procesului de treier realizat
de aparatul de treier cu rotoare multiple ATM, pe
care 1l propunem, are la bazt model ul
Rusanov, considerat de ce
Josse De Baerdemaeker ca fiind modelul matematic

care definexkte cel ma i bi
semi nSelor “n aparatul de
Astfel, procent ul ates epnn
contrabtt t tulauwie “ANTMf uncSi
spaSiilor de treier K i
“"nfitkurare ale contrabttt
2. [1]

)

unde aam(S)estepr ocent ul
lungi mea spaSiului
spaSidel utirei er al
lungi mea spaSiului
separare; b -unghi ul de
unghi ul de “nfitkurare

semi nSes-
d es; -tlungimieae
pochthr g Hedt i«
d e rotdruluiede
“nfhEkur &r-
al Uc-

unghiulde” nf tkurare al contrabbu
- coeficient de treier pen
contr amptaadafoirci ent de treier

prin contrabtt tjiseocoeficientde beertpéntut
separarea seminSelor prin co

Lungi mea s p a & icontiabtt torutdi ATM-ului ese
calculeazt cu rela$a 3.

@)

unde s; este lungimea spa%ului de treier al
contrabttttorului ATM-ului; Rc1 T raza contrabttitorului;
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angle of the concave.
The threshing space length of beater concave is
calculated with the relationship 4. [1]

S =pR,

where s, is the threshing space length of beater
concave; R, i radius of the beater concave; U, i the
winding angle of the beater concave.

ISB:IN/ H:2015

Ui unghiul de © n furare al contrabttt torului.
Lungimea spaSului de treier al contrabttttorului
post bttt detcaiculeatt wu relaga 4. [1]

i , [m
180

undesyestel ungi mea spaali udant rde
post bLtRA-mzal cont r apokst thht ot rlutl
unghiul de “~nfbtkurpaorsd balt td @

] (4)

The threshing space length of separation rotor Lungimea spa%ului de treier al contrabttttorului
concave is calculated with the relationship 5. [1] rotorului de separare se calculeazt cu relaga 5. [1]
a
— 3
$ =PRIl ©
180
where s; is the threshing space length of the unde sz este lungimea spa$ului de treier al
separation rotor concave; Re3 T radius of the separation contrabttttorului rotorului de separare; Res 1 raza

rotor concave; Us i the winding angle of separation rotor
concave.

The sum consists of the percentage of free seeds
remaining in straw and the percentage of seeds no
threshing of the bale caming from the threshing cylinder
of ATM (the separation concaves are out of the threshing
flow) is given by relationship 6. [1]

x(s)+ xs)=100e ™" [

where 3(s) is the the percentage of free seeds remaining
in straw found at the exit from the threshing space located
between threshing cylinder and concave; 3n(s) - the
percentage of seeds no threshing at the exit from the
threshing space located between threshing cylinder and
concave; | - the threshing coefficient for seeds separation
through concave; s: - the threshing space length of the
concave; U - the winding angle of concave.

The sum consists of the percentage of free seeds
remaining in straw and the percentage of seeds no
threshing of the bale caming from all rotors of ATM is given
by the relationship 6. [1]

contrabttttorului rotorului de separare; Us i unghiul de
infL wrare al contrabttt torului rotorului de separare.

Suma formatt din procentul seminglor libere rb ma ¢
in paie ki procentul seminglor netreierate ale vrafului
provenit de la bttttorul ATM-ului (contrabttt t oar e
separare fiind scoase din fluxul de treier) este datk ¢
r elaé. 8]

(6)

unde a(s) est e procentul semir
paie |l a iekirea din spaSi!
contrab3(epoocent ul seminS$S
i ekirea din spaSi ul de t
cont r abik t doeficent;de treier pentru separarea
seminSel or pr isa-lungimet spaJolti de-
treier al cobthituabghbt utordel u
contrabttttorul ui

Suma formatt din procent.

“n paie Ki procent ul alesveafulii

provenit de la toate rotoarele ATM-u | u i este
rel afll] a 7.
- a4 3 4 3
X (S) + ou (5) 1008 B 27 48] g )
unde 3atm(s)est e procent ul s emi

where 3mtm(s) is the percentage of free seeds
remaining in straw found at the exit from ATM; 3natm(S) -
the percentage of no threshing seeds at the exit from
ATM; W - the threshing coefficient for seeds separation
through concave; b - the threshing coefficient for seeds
separation through beater concave; ps - the threshing
coefficient for seeds separation through separation rotor
concave; s; - the threshing space length of concave; s; -
the threshing space length of beater concave; sz - the
threshing space length of separation rotor concave; U -
the winding angle of concave; U, - the winding angle of
beater concave; Us - the winding angle of separation rotor
concave.

The relations 6 and 7 represent processes the
threshing losses made by ATM, to which the separation
concaves were taken out of the flow of material (similarly
the threshing system of conventional combine C110) and
ATM at which the separation concaves were introduce in
the threshing flow.

The report of the relations 7 and 6 represents the loss
report of the two types of the threshing systems (of the
combines C110ATM and C110), according to the

78

i e Kdnafrvésp - mrdcentul
semi nSel or netrei er pt- eoeficient
de treier pentru separarea
K2 - coeficient de treier pentru separarea s e mi n S
contrabtt bttt or ulps pcodidiehtide tketerc
pentru separarea seminSe
rotorului de separare; s1 -1 ungi mea spag$Si
contrabttsktloumdg iuinea spaSiu
contrabdipasobbut;lsi-o uumigu ime a

“n pai e I a

de treier al oowmlbidaseparare;tUp-r
unghiul de “nftkur arle- uadhiul
de “nfitkurare al contrabtk
unghi ul de “~ nf tkur lirraorulailde
separare.

Rel aSiile 6 Ki 7 reprezi

de treier realizate de ATM, lacarec ont r a b letdd
separare au fost scoase din fluxul de material (similar
aparatul ui de treier al C
ATM la care cont r ab letde tseparare au fost
introduse 1n fluxul de material.

Raportul relaSiilor 7
pierderilor celor doua tipuri de aparate de treier (ale
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relationship 8. [1] combinelor C110ATM ki C[1]10
Xarm (8) + Xoamm (S) — e‘(”isf“ 435 ®)
X(s)*+ Xs)

The losses report of the two types threshing systems Raportul pierderilor celor doua tipuri de aparate de
equals with the report of total losses to straw walkers of treier este egal cu raportul pierderilor totale la
combine C110ATM. scuturttorul combinei C110

The separation concaves, having the same Contrabttttoarele de se
configuration, €1 and &, threshing coefficients can be conf i guriaciien $icka edese pot censigera

egali Ki avegmdezal o®ndHr el

considered equal and having €arm Vvalue, resulting the
relationship 9. [1]

)(IATM (S) +XnATM (S) — e-nl\TM (32&’2 +s§3) —K

X(s)+ Xs)

9)

where eatm is the threshing coefficients of the unde eatm este coeficientul de treier al
separation concaves of ATM; k i the losses report contrabaarel or de sleikavalaarea
value of the two types threshing systems. raportului pierderilor celor doua tipuri de aparate de

Knowing the losses report value of the two treier.
threshing systems types, results the threshing Cunosc©nd valoarea rapori
coefficient value &ATM of glp_url del aparat;lbdcliae trelle
ATM, according to the relationship 10. [1 e treler eam  a C 0 ntbare tseparare ale
g P [ ATM-ul ui , confo[tlm rel aSi ei 1
iy =K an

2

S,” +8;

where earm is the threshing coefficients of the unde eatm este coeficientului de treier al
separation concaves of ATM; k 7 the losses report value contrabttttoar ekoe valoadea raporufuic
of the two types threshing systems; s, - the threshing pierderilor celor doua fipuri de aparate de treier; s, -
space length of beater concave; ss - the threshing space lungimea spatiului de treier al contrabatatorului
length of separation rotor concave; U, - the winding angle post bt titssorlungimea spatiului de treier al

contr abt tooruld deudepaiare; U, - unghiul de

of beater concave; U; - the winding angle of separation ; b > X
nftkurare aul wionpg o s ibdktubghia

rotor concave.

The intensification value of the threshing process d ev al nofaLr Ke uar ai rnet eanls i cfoi ncterai b| t tF
made by the ATM threshing system with multiple rotors aparatul de treier cu rot

reported to the threshing process _made by th_e th_reshing procesul de treier realizat aparatul de treier al combinei
system of the conventional combine C110, is given by convenSionale C110 Blste d
relationship 11. [1] ’

|y =100— X8I XS) __ [os) (12)
)(lATM (S) +XnATM (S)
where latwm is intensification of threshing process made unde latm este intensificarea procesului de treier
by the threshing system with multiple rotors ATM, realizat de aparatul de treier cu rotoare multiple ATM,
reported to the threshing process of the conventional raportat la procesul de treier al combinei
combine C110; 3(s) - the percentage of free seeds convenSionak® - @rb@ent ul
remaining in straw at the exit from the threshing system i bere r tmas &irea din apaaatubde treer

of C110 combine; 3n(s) - the percentage of no threshing al combinei C110; a(s) - procent ul

seeds at the exit from the threshing system of C110 ne E) r 'e(:ilfo'r ate I a ie tK i Ir ea ¢
combine; 3tm(s) - the percentage of free seeds combinel s 3am(s) -procentul sem

L ) ; rtmase n pai e I a  dnaewks) F
remaining in straw at the exit from ATM; 3natm(S) - the :

. . procent ul seminSel or ®WEMT
percentage of no threshing seeds at the exit from ATM.
REZULTATE

RESULTS Cncerctrile de | aborator

The laboratory tests of the C110ATM combine harvester C110ATM au fost efectuat e
were conducted in June 2001 by DITRMA-INMA Bucharest Laboratorul DITRMA-l NMA Bucur ekt

Laboratory and the field tests were conducted in July 2001 cOmp au fost efectuate ' n
in Dor Mtrunt | océfll]lity, Cal Mbrunt , jude[Wl Cal ar axki

In Table 3 are presented the values of the working Tn tabelul 3 sunt prezentate valorile regimului de lucru
regime and working quality indices for the tests with the kaindicilor calitativi de
separation concaves of ATM introduced into the material cu contrabttttoar el eilidnwoduse
flow. [11]. n fluxul de material. [11]
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Table 3
The working regime and working quality indices for the tests
with the separation concaves of ATM introduced into the vegetal mass flow
Nr.crt | Indice [ MU. ] Value determined
WORKING REGIM
1 Working speed km/h 3.789 6.426
2 Flow rate combine kgls 4.299 6.027
3 Working width m 4.1
4 Cutting height m 0.16 | 0.17
WORKING QUALITY INDICES
1 Total losses per hectare at header: 0.2958 0.3735
- seeds in uncut ears % 0.1472 0.1872
- seeds in cut ears 0.1205 0.1426
- free seeds on the ground 0.0281 0.0437
2 Total losses at threshing machine: 1.2314 1.3124
- total losses at straw walkers 0.0785 0.0839
- seeds in no threshing ears % 0.0032 0.0027
- free seeds in straw 0.0753 0.0812
- total losses at clining system 1.1529 1.2285
3 Total losses at combine % 1.5272 1.6859
4 Broken seeds % 1.64 1.78
5 The purity of the material collected in bunker % 99.59 99.41

in tabelul 4 sunt prezentate valorile regimului de lucru
Ki a indicilor calitativi de lucru pentru Tncerctrile efectuate
cu contrabttttoarele de separare ale ATM-ului scoase
din fluxul de material. [11]

In Table 3 are presented the values of the
working regime and working quality indices for the
tests with the separation concaves of ATM remove
from the material flow. [11].

Table 4
The working regime and working quality indices for the tests
with the separation concaves of ATM removed from the material flow

Nr.crt | Indice | M.U. | Valuedetermined
WORKING REGIM
1 Working speed km/h 3.747 6.286
2 Flow rate combine kals 4.186 5.988
3 Working width m 4.1
4 Cutting height m 0.15 | 019
WORKING QUALITY INDICES
1 Total losses per hectare at header: 0.3167 0.3683
- seeds in uncut ears 0 0.1272 0.1659
- seeds in cut ears % 0.1523 0.1626
- free seeds on the ground 0.0372 0.0398
2 Total losses at threshing machine: 1.7594 2.0556
- total losses at straw walkers 0.3501 0.4292
- seeds in no threshing ears % 0.0663 0.0807
- free seeds in straw 0.2838 0.3485
- total losses at clining system 1.4093 1.6264
3 Total losses at combine % 2.0761 2.4239
4 Broken seeds % 1.69 1.73
5 The purity of the material collected in bunker % 99.72 99.45

By entering into the relationship 10 the test report data
for the combine C110ATM, the total loss obtained at the
straw walkers for the two positions of the separation
concaves (similar to the two threshing system of C110
and C110ATM combines), is calculated the threshing
coefficient values earm Of the separation concoves and
the intensification of threshing process latm of ATM,
according to Table 5.

Introducand Tn rela$a 10 datele din raportul de
incerckri al combinei C110ATM pentru valorile pierderilor
totale la scuturttor ob$nute la cele dout pozi$ ale
contrabttttoarelor de separare (similare celor doua
aparate de treier ale combinelor C110 ki C110ATM), se
calculeazt valorile coeficientului de treier earw ale
contr abtttt oar e kidirgensHicaneaprogasiaui
de treier latm al ATM-ului, conform tabelului 5.

Table 5

The threshing coefficient values of the separation concoves

and the intensification of threshin

process of ATM [1,10]

Nr. Indice M.U Value determined

crt "~ | €110 | C110ATM | C110 [ C110ATM
WORKING REGIM

1 |Flow rate combine kgls 4.2* 6.0*

2 | Total losses at straw walkers % [0.3501] 0.0785 [0.4292] 0.0839
WORKING QUALITY INDICES
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- The threshing coefficient,
value;

the

1SB-IN/ H' 2015
1 | Threshing coefficient € arm - 2.963 3.235
2 | Intensification of threshing process latm % 51.15 44.60
* The flow rate combines have been rounded to the first decimal
Analyzing the values presented in Table 5 result: Anali z©nd valorile prezen
specific ATM, has a - Coeficientul de treier specific ATM-ului are o valoarea
variable value, increasing specific of the flow rate variabil t, crescttoare " n
alimentare;
- ATM intensifies considerably the threshing process, - ATM-u | intensifict consi de
intensify value being variable, decreasing valoarea i nt e nrisfiifiircd variabilt
depending on the flow rate value; funcSie de valoarea; debi t

- The small values of total losses of C110ATM
combine  harvester, it would require the
experimentation of combine at flow rates bigger.

CONCLUSIONS

1. The threshing systems with multiple rotors have the
separation surface bigger with 65-75%, relative to the
separating surface of the tangential threshing system,
which would allow the decreasing of straw walkers length;

2. The threshing systems with multiple rotors produces
an intensification of the threshing process relative to
the tangential threshing system, but that does not
mean that the flow rate to increase with equal
percentage value. This explains why the flow rate of a
combine with threshing system with multiple rotors is
bigger only 14-20% relative to the flow rate of a
conventional combine harvester. [5]

3. The increase of threshing space length at the
threshing system with multiple rotor lead to shredding
the straw, being necessary changes of the straw
walkers and the cleaning system. It also increases the
specific energy consumption;

. Combines with threshing system with multiple rotors
are less universal, these beiing only effective for
certain crops, the crops with large seeds (maize) or
the crops with seeds more susceptible to harvest with
cereal combine harvester (sunflower, soybeans,
beans , peas etc.) can not be harvested with these
combines;

5. The combines harvester with threshing systems with
multiple rotors are more complex, more expensive,
harder to maintain and more easily clogged at crops
with weeds and with high humidity;

6. The combines harvester with threshing systems with
multiple rotors are recommended for the cereals
harvesting, provided that the investment and
modifications to the conventional combines to be
relatively low.
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- Valorile mici ale pierderilor totale ale combinei
C110ATM ar fi cerut experimentarea combinei K i
debite de alimetare mai mari. [1]

CONCLUzII

1. Aparatele de treiercurot oar e mul ti pl ¢
separare mai mare cu 65-7 5 %, raportat
de separare a unui apar a
ce ar permite mickidoruluir e a

2. Aparatul de treier cu rotoare multiple produce o

intensificare a proce s ul u i de treier
treier tangenSial, dar a
de alimentare st creasc
val oare. Astf el se expli:z

al unei combine cu aparat de treier cu rotoare multiple
este mai mare doar cu 14-20% raportat la debitul de
alimentare al unei combine conventionale; [5]

3.Crekterea lungi mii spaSi |
treier cu rotoar e mul ti
paielor, fiind necesare
sist emul ui de curasSire.

consumul energetic specific;
4. Combinele cu aparatele de treier cu rotoare multiple

sunt ma i puSin universal
anumite cul turi, cul turi
sau cul tur i na seosibile &aeerdltaiubc

combina de recoltat cereale (floarea-soarelui, soia,
fasol ea, maztrea etc) nej
combine;

5. Combinele cu aparatele de treier cu rotoare multiple
sunt mai complexe, mai costisitoare, mai greu de
intma$ Ki se “nfundt mai
Ki cu umiditate mare;

6. Combinele cu aparate de treier cu rotoare multiple
sunt recomandate pentru recoltarea cerealelor
ptiodse,condi Siile “n car
asupra combinelor cu aparatd e tr ei er t
relativ reduse.
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STUDY OF THE VIBRATIONS OF A PLOW BLADE
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Abstract: The paper analyses the bending vibrations of a
plow blade, modeled as a variable cross-section beam,
clamped at one end and free at the other. The study is
performed by using the discretization method, while the
differential equations of the free vibrations are deduced
by means of the influence coefficients method.

Keywords: bending vibrations, variable cross-section,
discretization, influence coefficient.

INTRODUCTION

In order to study the vibrations of an arbitrary
blade with variable section, the model of a rectangular
cross-section beam is adopted, with variable width. The

Rezumat: Lucrarea analizeazt vi braSiil e
ale unei |l ame de plug, mo
variabil t, “ncastratt | a
Studi ul vibraSiilor se efe
iar ecuaSiile diferen$Si atbré
met odei coeficienSilor de
Cuvinte cheie: vi br aSi i de “ncovoi

di scretizare, coeficient d
INTRODUCERE

Pentru studiul Siiithbr @a&duc
secSiund tvamri adwddopt t mo d eel
secSiune dreptunghiul art,

beam is clamped at one end and free at the other l a una dintre excteraelmiltt&Si( f
(Fig. 1 a). Bara efectueazt oscil a
The beam performs bending vibrations, in the l ongi tudinal (vertical pe
longitudinal plane (vertical in the figure).
280 F
4 A
85 I =
" NS
y _\\‘Jﬁw(x) X
75 |
L z
a) b)
Fig. 1 - Beam with variable cross-section
The width of the beam varies with abscissa x LtSimea barei vadiuattil| e

according to the law

pfx) = 0025

MATHEMATICAL MODEL
It is known from the strength of materials [11] that the
deflection wof the neutral fiber of the beam acted by a

force F in static regime (Fig. 1 b) results from the
equation

Wii()():_
where

is the bending moment produced by the force in the
section defined by abscissa x,

is the geometrical moment of inertia of the section, while
Eis the Youngés modul us

By integrating two times equality (2), the equation
of the neutral fiber in static regime is obtained:

of

. if /dacc. 0¢ x ¢ 0.085m
:'0.031974360.08205 if /daec  0.085m < x ¢ 0.280m.

1)

MODEL MATEMATIC

Se cunoakte din r eflil]sctt
depl asarea pe di rwe @ 3bree metirae
bar ei acSionate "~ n Fe(figi Inb)
rezultt din ecuaS$Sia
M, (x
(), &)
Elyixi
in care

-F(- %), 3)
este moment ul "ncovoietor
definittkt x,e abscisa

b(x)h®

4

1 “4)

este moment ul de iner Si eE

este modulul lui Young al materialului barei.
I ntegr ©nd de douf), onmie
ecuaSia fibrei medi i defor
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2 M, (x) 12F X4
wx)= @—dedx— @-dx dx. (5)
ogoEl() E|’130(;0 () 8

It is known from the literature [6, 7, 8, 9] that the Se cunoakte din |literat
bending vibrations of the beam are governed by the de Tincovoiere al e bar ei sunt guv
partial derivative differential equation di ferenSialt cu derivate p

V) wwe Qw
L ()T = T A (6)
e X g it
where A(x) is the area of the cross-section of the beam, unde A(x) esteariase c $Si uni ir éestedensitatea
while r is the density of the material of the beam. materialului barei.

However, the differential equation (6) cannot be EcuaSia difjeseegsianist,
integrated analytically in the general case, i.e. for integrat analitic n cazu
arbitrary  functions Iy(x) and A(x) , respectively. funcSii |§(>é r respextiv eAx) . Ca urmare, n
Therefore, in the present paper, the study is perfformed | ucrarea de faSt, studiul
numerically, by means of the discretization method, met odei discretiztrii, pre
which was presented and successfully used in papers [1, lucrerile [1, 2, 3, 4, 5
2, 3, 4, 5], for the study of the free and forced bending ncovoiere | l®éworbareoinogéne ungle
oscillations, respectively, of homogeneous beams withor di ntre acestea av©Ond atal
without a number of attached concentrated masses. concentrate. ) )

The method consists in replacing the distributed ~ Metoda constt n nloc
mass system by a discrete one, made of a relatively high ~ Printrunul di scr et sun alnatmt relatv
number n of material points, of masses mare, de puncte materiale, de mase

m =rblx)ndx - x,) (=12....), )
which are attached to a beam with negligible mass (fig. 2). atakate unei bare figd®d. mast r
-"‘f]

9
@@@@@@

Fig. 2 - Discretized beam

The differential equations of the free small uaSiile diferenSiale
oscillations can be obtained by means of the method of pot b Sine cu ajutorul me t
the influence coefficients [8, 10]. The influence coefficient [8,10] . Coeficientuld rdeepr ei
d; represents the deflection of the neutral fiber in section deplasarea fibreii, medsda s
i, produced by a unit force, applied statically in section egalt cu unitatea, apjl(fige2pt
j (fig. 2). n cazul barei analizate,

For the analyzed beam,

12 &5 X - X 0 . .
d =d =—— ! dx@dx (i,j =12,...,n if ¢ X, . 8
=0, = g Ty dxgax )it xex ®)
¢

In the present paper, integrals in formula (8) were In lTucrarea de f aSt (8)aul
computed numerically. fost calculate numeric.

By defining the matrix of the influence coefficients, Construind matricea co
the mass matrix and the dynamic matrix, respectively, matricea maselor, respecti

[d]:ldij]’ [m]:lmjly [D] =[d][m], 9)
it is shown in the cited works that the circular se aratt “n lcukcr pol BaSiciil
eigenfrequencies are sistemului sunt

1 a
W, =T (i=12...1, (10)
where |, represent the eigenvalues of matrix [D] while incarel, reprezintt val oriilD3,iap
the eigenmodes are equal with the corresponding modurile  proprii  sunt egale cu vectorii proprii
eigenvectors of the same matrix. corespunzttori ai aceleiack
NUMERICAL STUDY STUDIU NUMERIC

The numerical study of the vibrations of the beam Studi ul numeric al Vil
in Figure 1 a was performed based of the following ssa efectuat coaoaseledawri:©nd ur
values:
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E=210x10 N/m?, r =7850kg/m?, n=40.

The first 10 circular eigenfrequencies and the Primele 10 pulsaSii prc
corresponding eigenfrequencies are presented in Table 1. propriicorespun z Lt oar e s unttabgulle z en
Table 1

Values of the first 10 circular eigenfrequencies and the corresponding eigenfrequencies
i 1 2 3 4 5 6 7 8 9 10

w, [s] 263.41 1534.18 | 4409.33 | 8921.36 | 15035.13 | 22669.89 | 31656.21 | 41724.28 | 52766.81 | 65273.29

f. [HZ] 41.92 24417 701.77 1419.88 | 2392.92 | 3608.03 | 5038.24 | 6640.63 8398.1 | 10388.57

The first three vibration eigenshapes are illustrated in Primele trei forme prop
Figure 3. n figura 3.
o 03 03
0.05 02 ™,

0.1 0.1 / zj / \
-0.15 0 / 0 / \
" 0 "o / "ol N |/ \

-0.25 \ -0.2 -0.2 3
-0.3

-0.3 -0.3

-0.35 - -
0 0.1 02 03 04 0'40 0.1 0.2 03 0.4 0'40 0.1 0.2 0.3 0.4

X ks X

Fig. 3 - First three eigenshapes

EXPERIMENTAL STUDY STUDIUL EXPERIMENTAL
The experimental study of the system was Studiul experimental al sistemului s-a efectuat cu
performed on the measuring stand shown in Figures 4-6. ajutorul bancul ui figugledpbr o b t

Fig. 4 - Measuring Stand Fig. 5 - Accelerometer layout

Fig. 6 - Excitation system

A measuring chain was used, with four S-a utilizat un l an$
accelerometers, counted from O to 3. accelerometre, numerotate de la O la 3.

Accelerometer 3 was positioned at the free end of Accelerometrul 3 a fost amplasat in capul liber al
the beam, while accelerometer 0 on the beam, near the barei, i ar accel erometru
fixing system. Accelerometers 1 and 2 were placed on the Accel erometrele 1 ki 2 au
fixing system. prindere.

Free vibrations produced by applying percussions S-au studi at vi braSii Il i bel
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on the beam were studied, as well as forced vibrations,
produced by the excitation system in Figure 6, with white

signal.
The obtained date were processed with LabVIEW
program, resulting the spectra in Figures 7-8.

Signal 0 FFT Amplitude

1SB:IN/ -H: 2015
unor percuSii pe bart, pre
de sistemul de 6, cwcsemnal §lbh. e di

Datele au fost prelucrate cu ajutorul programului

LabVl EW, o0 b -Sd spectreld din figurile 7-8.
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Fig. 7 - Free vibrations spectra
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Fig. 8 - Forced vibrations spectra - white signal

CONCLUSIONS

Based on a simple model, the paper analyzed the
vibrations of an arbitrary blade with variable section, which
can represent a plow coulter.

The spectra obtained by processing the
experimental data from free vibrations present a
pronounced pick at a frequency close to the first computed
eigenfrequency.

87

CONCLUzII

Lucrarea a analizat pe baza unui model simplu
vi braSiile unei Ic Sneavariabdty @«
poate reprezenta un cu$ lung de plug.

Spectrele obSinute pr
experimentale n cazul vi b
accentuat la o f£re@eveprStma
proprie calculatt.



INTERNATIONAL SYMPOSIUM

The spectrum of the signal measured by
accelerometer 3, placed at the free end of the beam,
shows a lower pick close to the second computed
eigenfrequency.

The first three accelerometers, placed close to the
fixing system and on the fixing system, respectively,
exhibit supplementary picks, due to the stand vibrations.

The spectra obtained from forced vibrations
confirm the first two components, but in this case the
signal captured by accelerometer 3 presents also some
components multiple of 50 Hz, due to the excitation
system which is placed close to this accelerometer.

The numerical method used in the paper provided
results in agreement with the experiments.
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THE INFLUENCE OF THE CONDITIONING SYSTEM ON SEED QUALITY

/
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Abstract: The paper presents researches concerning
the manner in which different conditioning systems
influence the quality of seeds prepared for sowing by
optimization of the preparation process for increasing
quality and decreasing specific energy consumption as
well as of the cost per ha. The results processed and
interpreted with well known statistical methods exhibit
significant  differences  between the  studied
conditioning systems and their influence on quality
indices which indicate the cultural value of seeds.

Keywords: seed, sprout, conditioning

INTRODUCTION

After to the harvesting, the converging point of all the
actions of the agricultural producer, conditioning, storage
and preservation of products are the compulsory
processes, in order to ensure continuously the major food
source for humans and animals.

For the optimal management of these processes a
complex study is necessary concerning the physico-
mechanical properties of seeds, the physiologic
processes and micro-organic activities that take place
inside the seed and the cinematic regime of the
machinery, in order to preserve the integrity of seeds
during processing.

As it is well known, the final product obtained through
harvesting consists of a mixture composed of the seeds
of the main crop, weed seeds, different mineral or
organic impurities (dust, straw, husk). Besides these one
must take into consideration the fact that even the seeds
of the main crop are of different size and weight some of
them being broken, stunted or damaged.

When harvesting, grains are not totally physiological
mature. The broken and shriveled grains and weed
seeds present a higher humidity than the rest of the
components, increased breathing (3-5 times higher than
normal) which rises the environmental temperature and
in humid conditions finally leads to the development of
certain undesirable processes in seeds as: rot, sprouting
etc [1]. Under these circumstances microorganisms as
bacteria, mildew, fungi existent in huge quantities in
seeds enhance their activity producing carbon dioxide,
alcohols, toxins and favorable conditions are created for
propagation of different pests. All these circumstances
lead to a significant decrease of viability and poor
preservation capacity of seeds. Microorganisms
penetrate in the cracked seeds, degrade them by
destroying their enzymatic system inducing low sprouting
capacity and abnormal sprouts.

In this respect, the conditioning process come to
understood as the process of bringing the harvested
seeds to a certain humidity, temperature, purity levels
which allows the preservation off all the initial
characteristics for a longer period of time..

The quality of the seeds is defined by their biologic
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characters and its cultural value guaranteed by
preservation, storage and conditioning in proper
conditions.

MATERIAL AND METHOD

The technological process of conditioning might be
simple or complex according to: destination of seeds,
requirements, various machinery used. The most
common equipment must cover purification and
assortment of seeds by their aerodynamic properties,
size, specific form and weight.

Fig. 1 presents a scheme of processing seeds for
sowing.

ISB:INNA-TEH 2015

1 condi ii optime.
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Fluxul tehnologic de condi ionare poate fi mai simplu
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STORAGE
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PRE-CLEANING:

-straw, husk
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weed seeds

DRYING

Eliminates
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-sprout seeds

I

I TREATMENT AGAINST PESTS AND DISEASES I

STORAGE

| PACKING, LABELING AND STACKING |

Fig.1 - Conditioning technology for crop seeds (SCDA Turda)

The high dependence of crops on the pedoclimatic
conditions and the necessity to achieve increasing
productions, in order to guarantee the food security
require seeds with high genetic and production value.
The high production value is represented by seeds with a
certain purity, good germination capacity and
phytosanitary condition imposed by certain standards
(Law 266/2002).

Due to the varied physico-mechanical characteristics
of the seeds derived from different species, the
processing machineries are very diversified. The working
process is developed stationary, but the cinematic regime
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of certain machine parts is one of the main factors that
mark the quality of the biologic matter.

The working parts of the equipment must operate
smoothly to maintain the shape and integrity of grains
thereby to reduce the infestation with pests and diseases.
The processing flux of seeds is very complex, with a well
defined sequence of purifying phases as pre-cleaning,
basic cleaning, dimensional and gravitational selection,
treatment against pests and diseases,packing, all created
to avoid impurification of the seeding material [2].

The percentage of each category Xi: pure seed
impurities etc are computed with the formula:

1SB:IN/ -H: 2015
deshdt &ar t | ianar, sdara alegerea regimurilor
cinematice la diferite organe de lucru, este unul dintre
principaldi:.i factori care
material biologic de calitate.

Organele de lucru ale mahi ni | or , trel
agresive, prin aci unea | or i nstt  fnde

integritatea semin elor pentru a nu-i reduce rezisten a la
bolii dtufittsctriscadt velgoar e:
Procesul de prelucrare a semin ei, component |
eseni al L a tehnonogi ei de
seminel e trebuie st urmeze |
diversele operai uni precurctar tde
sortarea di fie gravitaoi noanl atl t ,

ambal area au o] succes.itasee
sigure, pentru a evita posibilitatea de impurificare [2].
Con inutul procentual Xi a | fiecktrei (¢ 2
purt, iimpeutrci.ttse calcul eazt
-100
x = L =K%
>m (1)
Where m; is seed mass of A icategory of impurities, in g unde: m; - masa categoriei A i dde i mp,ingi t t

Z IM - sum of all components on the analyzed, in g

K - correction coefficient (if is necessary)
The technologic effect is represented by the impurity
percentage eliminated from the grain quantity passed
through the selector, determined by the relation:

¥ m;T suma tuturor componentelor din proba de analizat,

ing

K -coeficientuldecoreci e (dact este ¢
Efectul tehnol ogic repr
i mpuirjtéarpuri strtine et c

semin e la o trecerea a produsului prin selector, se

determinfa: cu rel a
g =L Q- Q ]x100 v
' Q
where: Qj is total input impurity quantity, in % unde: - @ii-coni nut ul dtetaleilainiare in maAt n
Qic i total output impurity quantity, in % n %
Riei coni nut ul dlaevacuape din i Hn
Working capacity and specific consumption % ) N -
Specific grain quantity is determined as: Capacitatea de lucru h consumul specific
Cantitatea de material condii onat se det e
curela ia
M
Q= T[ kg/ H 3)

where: M - seed-mass of the material passed through the
selectorin ii ttiroe

The energy consumed for processing is expressed by
the formula:

E = [lownh kg, (%]
a7

W- is energy consumption at a certain electric,(with an
autput, d)

High separation speed leads to increased working
capacity but decreases the efficiency of the process.

For increasing seed quality and reducing energy
consumption by using combined equipments it is
necessary to carry out more elaborated theoretical and
experimental studies concerning the selection process.
Our researches were organized at SCDA-Turda, in a
specialized processing center, where by means of the
existent technical equipment there have been developed
new combined systems for separation of the impurities
from seeds.

To optimize the proposed objectives there has been
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quantified the technologic effect of each machinery as
well as the cumulative one, in order to choose the variant
that provides high purity grains with proper parameters
and agro-technical requirements at a minimum specific
energy consumption.

The main objective of our researches was the
influence of the processing systems on seed quality
indices: germination, purity, phytosanitary condition,
physical properties of seeds resulted from a wheat field.
Therehas been studied a whe:
obtained in the conditions of the year 2015..

The characteristics of the wheat crop after pre-
cleaning (it is forbidden to store without pre-cleaning) are
presented in the following table (Table 1).

ISB:IN/ H:2015

i mp u itor dinsemin e.

Pentru optimizare,in sensul creft e r i iii hiccad d e
costului energetic s-a cuantificat efectul tehnologic al
fiecktrui uft cellciamjulatiy, tn e/edlerea alegerii
vari ant ei carea akigalrt kb
cerin ele agrotehnice cerute, la un consum specific de
energie minim.

In cazul de fat obiectul princinp
influen a sistemelor de condi ionare asupra indicilor de
calitate: germinai e, puritate -$amii
nsufiri fizice ale semin ei rezultate dintr-un lot de grau.
A fost luat Tn studiu un lot de grau din soiul ARIE=AN,
produs Tn condi iile anului 2015.
Caracteristicile de stare
p r e ciresunt date in tabelul de mai jos (Tabelul 1).
Table 1

Analysis sheet of the crop

Classification of components

Humidity Hectplitric -small cracks -large scraps shriveled small medium and

Sample no. weight -main cult.scraps, . A A .
[%] [kg] minerals -pinched grains grains large grains

(4] [%] [%] [%] [%]

1 13.5 80.2 2.60 0.7 7.8 1.9 87.00

2 13.1 78.0 4.10 11 9.7 24 82.70

3 12.8 78.5 3.4 0.9 8.6 2.3 84.80

Mean 3.37 0.90 8.70 2.2 84.83

The sowing (550 bg/m?) was performed at the
beginning of October 2014 after a precursory leguminous
crop (soybean) with concomitant administration of 300
kg/ha chemical fertilizer (20:20:0). The soil humidity
provided a good sprouting and tillering meeting the winter
period with 2-3 leaves. An additional nitrogen fertilization
was applied in March with 150 kg/ha and in mid-April with
another 150 kg/ha.

It is well known that in Transylvania the climatic
conditions are highly unforeseeable, in this respect May
was excessively rainy favoring a good valorification of the
nitrogen fertilizer. The h
the crop. At the end of May and beginning of June the
atmospheric drought is installed exactly in the period of
grain filling and maturation, producing a large number of
shriveled grains in the harvested crop.

Experimental design

A monofactorial experimental design was carried out
with six conditioning variants(Vi, V2, V3, Va4, Vs, Ve)

V', -conditioning with: AMZ (bolter device) and HSR

(double selector); V;- conditioning with: AMZ, PLV and
GA-81 (gravitator)

V5 - conditioning with: AMZ and PLV (bolter device)

V 4 -conditioning with: AMZ, PLV and HSR

V;- conditioning with: AMZ, PLV and GA-81 (gravitator)
V- - conditioning with: AMZ, HSR and GA-81

V.S- conditioning with: AMZ, PLV,HSR and GA-81

The influence of these conditioning systems on seed
quality was studied, quantifying the shriveled grains
remained in the output, the percentage of small grains
and large cracks i components considered as being
accepted as part of the pure seeds in conformity with
SR7713/1999 standards. The level of these components
was determined in samples taken from the technologic
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Semknatul ( Sebddectuatgld Tnceputul Binii
octombrie 2014 avOnd pre
(soia), administrandu-s e d e did a'thbgn©mnt ¢
in cantitate: 300kg/ha, (20.20.0) . Umiditatea din sol a
asigurat 0 tiuntirefilt&@td i t e
stadiul de 2-3 frunze. Fertiliz
pr i mt v-a efectuas in luna martie (150 kg/ha).
mijlocul lunii aprilie (150 kg/ha).

Se hti e ct “'n T r aiite sclimaticea sunti
caracterizate printr-o imprevizibilitate mare, astfel luna
ma i a fost excesiv de plo
foarte binnmei nat €lnogrr tcu azot .
Aculcato “~n mare pitlrlinie machi
“nceputul luni i iunie se_
perioada, ce coincide, cu fenofaza umplerii bobului hi
atingerea fazei de coacer
prezen a procentului mare de boabe hhtave Tn masa
produsului recoltat.
Met odi ca

a
hi

experimentallt
Pentru efectuar e-a imgementae tol
experien L monofact or i athseé  varante
(V1,v2,V3,V4,V5,V6) de condi ionare:

Pentru ef ectuar ea imgementat tol
experien £ monofact or ihemd L variardeu
V1,vV2,V3,V4,V5,V6) de condi ionare: R

1 -condi ionare cu: AMZ(masina cu site) hi HSR(trior
dublu) R
V 5 --condi ionare cu:AMZ, PLV h GA-81(gravitator
Vg -condi ionare cu: AMZh PLV(masina cu site)
V< condi ionare cu:AMZ, HSR hi GA-81
V3 --condiionare cu: AMZ, _ PLV
V.S-condi ionare cu:AMZ, PLV,HSR h GA-81

S-a ur mkr i ta adestof |sisteme de

condii onar e as upir aemin eia lrazultate,
cuantificandu-se in primul rand procentul de boabe
hhave r t mase "~ m dHim@d t, paalmec
mici, si procentul de spartura mare, componente
considerate ca facind parte din saminta pura conform

i HSR
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flux in four replications. The mean value of shriveled
grains, small grains in the four replications and the output
purity are presented in table 2.

Cinematic parameters of the devices and filling debit
were adjusted to guarantee the purity level of seeds
according to the present standards.

RESULTS AND DISCUSSION
Results concerning the influence of conditioning
systems on shriveled grain level

ISB:IN/ H:2015

standard SR7713 /1999. Aceste componente au fost
determinate din probele ridicate pe flux in patru repeti ii.
Valorea medie a repetitilor a acestor componente
precum hi a puritatii pe variante sunt redate in tabelul 2.

Parametrii cinematici ai mabhinilor, debitul de
alimentare, au fost regla i astf el “nc©
puritatea n e ®ie soaforhh STAE-uli rin
vi goar e d-ayridicacpeobete experimentale.

REZULTATE al DISCU |l
Rezul tatele cer ceahﬂfjsteninuluich
condi ionare asupra procentului de boabe hihtave.

Table 2
Results concerning the influence of the conditioning system on the shriveled
No of s . Shriveled grains Difference | Significance Purity Small grains
variant Conditioning variant (%] [%] (%]
1. AMZ+HSR 6.20 - Control 99,15 1.40
2. AMZ+PLV 4.70 -1.50 o] 98.90 0.90
3. AMZ+PLV+HSR 4.10 -2.10 00 99.50 0.30
4. AMZ+PLV+GA-81 0.70 -5.50 000 99.76 0.60
5. AMZ+HSR+GA-81 1.10 -5.10 000 99.62 0.70
6. AMZ+PLV+HSR+GA-81 0.30 -5.90 000 99.87 0.30
DL5% 1.33 Effect level Association degree
7
DL1% 1.83 f=21 W =085
DLO0.1% 2.49
The conditioning system influences definitely the Sistemul de condi ionare influen eaza indiscutabil

quality indices of seeds.

The classic combination formed by selecting device
+ trior (AMZ+HSR) has been considered as control, as
far as it is widely used by farmers. The only difference vs.
the most common conditioning system is represented by
two trior batteries disposed in cascade not parallel. There
can be noticed that the influence of this conditioning
variant on the percentage of shriveled and small grains is
lower than all the other studied variants.

High purity obtained by this variant is due to the
efficiency of the trior in eliminating the transversal cracks.
The combination AMZ+PLV is more efficient in
eliminating the shriveled and small grains by the
combined action of air pressure and dimensional
selection made by PLV. The Vi: and V. variants
accomplish the proper purities for certified categories but
they reach the lowest level of basic and pre-basic
categories (Law 266/2002).

Once GA-81 device (gravitator) is connected, a
considerable improvement of all quality indices can be
observed with a remarkably low effect on soundly small
grains. Comparing variants V4 and Vs it is obvious that
the technologic effect of the gravitator depends on the
cumulative effect of the upstream devices.

Extrapolating the indices accomplished by the control
variant (V1 T classic) to a quantity of 1000 T, output
material of a lot, in conformity with the Analysis sheet of
crop (table 1), there could be commercialized for seeding
62.000 kg shriveled seeds and 14.000 kg small grains
existent in the output material. With the same reasoning,
in the combined conditioning variant (Ve) the quantity of
these components is significantly reduced: 3.000 kg
shriveled and 3.000 kg small grains.

Each component of the output material was analyzed
concerning their performance (table 3).
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indicii de calitate finali ai semin ei. R
ma r t omahna de selectatt

S-a luat ca

+ trior,(AMZ+HSR) practicatt “~n g
agricolicuexcepi a faptul ui ct aic
dispuse " n cadicamdk “n paral el

ac iunea acestei variante de condiionare asupra

procentului de boabe fiftave fi boabe mici este mai

redust dec®©t “"n oricare va
Puritatea mai ridicatt in
eficaccithi i triorul ui “n

transversale ale semin ei. Combina ia AMZ+PLV este
mult mai eficace in eliminarea boabelor fiftave hi a
boabelor mici, prin aci unea combi nafi
sortarea di mensi BLV.aVatiantefetde
conditonare V1ii V2 r e al i ie eezesdre frpce
priveit e categori ikl ecedeéei 6L m®n
limita inferioart a realihz
prebazt, Legd seémmnreif266/2002). Od at t
introducerea n lucru a mahinii GA-81 (gravitatorul) se
poat e obser viar eambamnrtsitder
indicilor de calitate,remarcand efectul mai redus asupra
boabelor mici hi stnkttoase. Compa
conditionare,v4 h V5 reiese clar faptul, ca efectul
tehnologic al gravitatorului depinde de efectul cumulativ a
celor din amonte.

Extrapoland indicii realizati de varianta martor, (¥y)
(clasica) la o cantitate de 1000 T,s t m@nfinala,
rezultata dintro parti dit de @néaii
tabelului 2, s-ar comercializa spre insamintare, cantitatea
de 62.000kg boabe hiftave A 14.000 kg boabe mici aflate
in produsul final. Urmind acelasi rationament si pentru
varianta de conditionare combinata( ¥g)cantitatile acestor
componente sunt foarte reduse: 3.000 kg boabe fiftave fi
3.000 kg boabe mici.

Din probele finale, s-au analizat fiecare componenta in
parte, in ce privefte performan a lor (tabelul3).

Rezultate privind analiza de germinaie a
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Results concerning the germinative capacity of the
shriveled, small grains and large cracks

The analyzed components present in different
percentage in the final product, as a result of the different
conditioning systems applied, that matched the standard
category of pure seeds, influence negatively the
obtaining of a high quality seed that guarantees a good
and sound crop.

The cracked and shriveled grains present low
resistance to diseases and pests, especially toxic fungus
and their presence in the output material reduces its
quality, increasing the sowing rate (germinative
seeds/mz), finally spreading the diseases to healthy
grains.

Small grains might be affected by the technological
process. Usually in soils with great humidity, small grains
germinate earlier than the normal ones, due to the
sawing depth fixed for the large grains, these small ones
bring disadvantaged. Small seeds produce weak plants,
most of them perishing during the vegetation period or
presenting a low yielding capacity. After a few years
storage period their germination capacity is much
reduced as compared to the larger grains.

Quality indices

ISB:IN/ H:2015

componentelor de natura boabe fiftave,boabe mici,
spkrturi mar i

Componentele analizate prezente n diferite procente
n produsul final, ca urmare a sistemului de condi ionare
aplicat, Tncadrabile de altfel Tn STAS-ul semin ei pure,
contribuie negative la ob inerea unei semin e de calitate,
garan iaunorrecoltemarii stnttoase.

Boabele sparte, hiftave au o rezistent r edust
i dtunttori, “n special &k
Il or "nasfim@mal t, contri bui
seminei, creft er e a nor mei dbmabe
germinative/ m2|hi “n final contr
bolilor prin amesteccusemine |l e stnkttoas:¢
a fi introduse “n ptmoGnt .

Pentru boabel e mai mi ci ¢
fi afectate de procesul tehnologic.in general, semin ele
mi ci ger mi ne a&ddcat oele imarir T|a pokuride
umede datoritt adoOnci mii d
de mbisur t no elemiti 4untdezawantajate.

Semin ele mici dau plante slabe, din care foarte multe
pier pe parcurs, iar plantele respective au un poten ial de
produci € sctzut .

Cn pitstraréva andaptdoe®di t
germinai e mai sl abt dec©t cel

Table 3
of the components

Grain types Quality indices

Germination Abnormal germs Dead seeds
Mean value Mean value Mean value

Shriveled wheat grains 29% 33% 18%
Mean value Mean value Mean value

Large grain cracks 7% 3% 85%
Mean value Mean value Mean value

Small wheat grains 86% 9% 50

Results concerning the influence of the conditioning Rezultate | e cercet tri i agstemulii el

system on germination

The hqmogjenejjty, . norqmaliqty and additivity of
variants (57, §5,53,83,55,5;) being accomplished,
the Ato test may be appl
therefore this will be taken in consideration in determining
the limit differences and multiple comparisons.

condi ionare asupra germina iei

Indeplinindu-se condi iile de omogenitate, normalitate

fi aditivitate a variantelor (57,54 55. 51555 , t es
poat e aplica d iiefdatetet nu trabuielsc
transfor mat e, prin f alg testé

nesemnificativ, demonstrandu-s e combinar e
variantele.

Table 4
Results concerning the influence of conditioning systems on germination
= .
Confidence -
© Mean of interval of Coefficient of Significance
~ Conditioning variants germination means Va"'ai:b'“ay Difference 9
© [%] = 1 - G %
> G, T b5, 5% v
1. AMZ+HSR 88.25 84.7-91.8 2.51 - Control
2. AMZ+PLV 90.50 87.7- 93.3 1.91 +2.25 -
3. AMZ+PLV+HSR 91.00 88.1- 93.9 2.01 +2.75 *
4. AMZ+PLV+GA-81 96.00 93.7- 98.3 1.47 +7.75 rork
5. | AMZ+HSR+GA-81 94.25 93.6- 96.6 1.60 +6.00 X
6. AMZ+PLV+HSR+GA-81 97.00 95.2- 98.8 1.20 +8.75 rork
DL5% 2.48 Power of the test Effect level Association degree
DL1% 3.41 b =0.64 f=18 @?2=0.76

DLO0.1% 4.64
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The results indicate a high value of the effect level (f) as
well as of the association degree. The mean value of the
statistic test is generally 0.46, in our case being 0.64 (due
to the low rate of observations in the different variants
and lesser to the errors in observations) the test was
capable to detect the effects

ISB:IN/ H:2015

Rezultatele indict o valos
precum hi a gradului de asociere.Valoarea medie a puterii
statistice este in general de 0.46, in cazul de fata avem o
valoarea de 0.64, (datorita volumului redus de observatii
pe variante si mai putin erorilor de masurare) testul a fost
capabil sa detecteze efectele.

Differ%nces between means in a number of Diferene | e dintre medi i,
m _ Bm-m+1) P : m_ Bm-m+l)
Ch = —{oqm = 15 ., is compared with the smallest Ch = —Tom =15, se compart cu
significance ranks (cmmrs). The smallest significance ranguri semnificative(cmmrs). Cmmr s s e
ranks are computed as multiplication of the error of fnmul ind eroarea mediei cu valorile rangurilor
means with the value of the correspondent ranks of corespunzttoare diferit eldaio
different distances between variants (Isaic and si Voda,2006)
Voda,2006).
Table 5
Comparison of means with the smallest significance ranks
N ‘ Confidence interval of Signifi ;
0.0 Differences between means | differences between means cmmrs 'gnificance o
variants L P8 differences
Hif= Mgir T L agif
6-1 97 - 88.25=8.75 5.68 + 11.8 2.78 Significant
6-2 97 - 90.5=6.5 3.96 +9.04 2.74 Significant
6-3 97 - 91=6 3.36 + 8.64 2.69 Significant
6-4 97 - 96=1 -1.23+2.23 2.49 Insignificant
6-5 97 -94.25=2.75 0.45 + 5.05 2.62 Significant
5-1 94.257 88.75=6 2.72+9.28 2.69 Significant
5-2 94.2571 90.5=3.75 0.96 + 6.54 2.62 Significant
5-3 94.25 - 91=3.25 0.36 + 6.14 2.49 Significant
4-5 96- 94.25 = 1.75 -4.27 + 0.77 2.49 Insignificant
4-1 967 88.25=7.75 4.53+10.9 2.74 Significant
4-2 961 90.5=6.5 3.77+9.23 2.69 Significant
4-3 96 - 91=5 2.18+7.82 2.62 Significant
3-1 917 88.25=2.75 -0.76 + 6.26 2.62 Significant
3-2 9171 90.5=1.5 -1.32 +4.32 2.49 Insignificant
2-1 90.57 88.25=2.25 -1.19 + 5.69 2.49 Insignificant

Considering the germination capacity, in all variants
there have been obtained an output material fit in the
f}andards of seed law (minimum 85%). Even if in variant

I (AMZ+PLV) thereLLs obtained a lower purity (98.90%)
vs. control variant "1 (AMZ+HSR) the output seed
germination is better due to the fact that in V, seed are
more sound, the ratio of shriveled, sntgll (ﬂmirﬁ and of
longitudinal cracks is lower. In variants "1, "2, "3 due to
a large amount of the components, there is a great
variability of germination in the studied replications.

There can be observed that as the shriveled grains
and other impurities are eliminated from the output
material by applying advanced conditioning systems, the
germination capacity increases significantly, even more
than 8%, which is a very appreciate gain not only in the
output material but also in the necessary seed quantity
per hectare which reduces seeding costs.

Analyzing the germination capacity of the variants
there have been recorded significant differences between
coleoptile length (5-42 mm), height of seedlings as well
as in the root system (0-5 roots). This considerable
differences are obvious in the variants in which shriveled
and small grain rate is high.
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Din punct de vedere al valorii germina iei in toate
variantele se real i ze azt ieincadrabia nia
Normele legii semin ei (minim 85%).Chiar dacd in
varianta:AMZ+PLV, (V) se realizeaza o puritate mai slaba
(98.90%) fata de varianta martor (clasica) AMZ+HSR,
(¥1) germinatia finala este mai mare si acesta datorita
faptului ca in varinta (¥; )saminta finala este mai
sanatoasa, procentul de boabe sistave, boabe mici si
spaturdlongitudinala este mult redus. In
variantele:¥; ,¥;,¥; datoritd prezentei intr-un procent mai
mare a componentelor de ma
mare variabilitate a germinatiei pe repetiti. Se poate

observa c¢ct pe mbsura eli.]
boabelor hintave hi a creht er i i ii, gau urinaret a
sistemelor de condi ionare, facult at ea g e r nhie

considerabil, realizadndu-se diferen e de peste 8%, ceea
ce “nseamnt foarte mul t
asemin ei ci h “n cantitatenedes
hectar hi in final in costurile culturii infiin ate.

Analizind probele de germinatie pe variante, la
momentul desfintarii, prin masurare,s-a constatat
diferente mari intre lungimea coleoptilului de la 5mm (s-
au lipsa) pina la 42 mm, precum si intre lungimea
plantulelor. Sistem radicular variat, de la lipsa radacinii,
pind la un numar de 4-5 radacini. Acest lucru este foarte
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CONCLUSIONS

The results of our research work interpreted by well
known statistical tests emphasized certain technical
aspects of the conditioning systems with a significant
influence on all the quality indices of the seeding
material. For obtaining vigorous plants with uniform
sprouting there must be produced and commercialized
very high quality seeds. The embryo of medium and large
grains is well developed producing plants with high
yielding capacity (Bucurescu et al,1992).

Therefore conditioning and dimensional selection of
seeds is an essential link in crop technology.

Applying an additional cleaning, results in an output
material with superior indices that meets the present
standards. Shriveled, damaged, dehusked and small
grains existent in the output material, though considered
as pure enough for the base category, still deteriorate it
significantly. Yielding capacity of these seeds, especially
of the shriveled ones, is very low, therefore these grains
should be avoided when seeding.

Our experiments concerning the influence of different
conditioning systems on the rate of shriveled seeds
remained in the output material and the germinative
capacity showed a Abreako
machinery once the GA-81 gravitator device has been
connected.

The most important role in obtaining a standard
output is assigned to the PLV device and the GA-81
gravitator even though their cumulative action is
recommended, these two devices eliminating the most
part of the shriveled, diseased and small grains.

The significant differences observed between the
studied conditioning variants concerning shriveled grain
ratio remained in_the output material (almost 6% in the
case of “1- Y& variants), as well as differences
concerning germination capacity (over 8%) needs a very
serious analysis when seeding material is
commercialized. For obtaining a standard seeding
material the seed conditioning process must take place in
specialized centers with high performance machinery and
well trained personnel.
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evident, In variantele in care procentul de boabe mici si
sistave este mare.

CONCLUZzII

Valorificarea rezultatelor ob inute n urma
experimentului efectuat, cu tehnicile statistice cunoscute
au surprins o serie de aspecte tehnice ale sistemelor de

condi ionare cu influen e deosebite asupra tuturor
indicilor de calitate, ce
material biolo gi ¢ ce ur meazt am

Actualmente se vorbefte de dinamica semin elor, de
uniformitate de germina ie, de viteza de crehtere a tinerei
plante, garanii poteni al e real i zbtrii
uniform rtstrite capabile

De aceea,condi ionarea hi sortarea di
o verigt(component «) esen.
comparaSie cu seminSele mi
au un embrion mai bine dezvoltat,dau plantule cu viteza
de crestere sporitd si prin aceasta o dezvoltare rapida a
aparatului vegetativ..(Bucurescu et al,1992)

Prin igwrtsupl i meinnarhb Iserx
indici superiori celor ob inu i incadrabil de altfel in STAS-
ul semin ei.Semin ele hintave, deteriorate,descojite, mici
rtmase ° nnap rtbisad ebnsiderate pure, ca
facind parte din categoria semin e i de bazh
defecte, experimentul de fatd a demonstrat performantele
slabe a acestor componente. Potentialul de productie al
acestor seminte in special al celor sistave este foarte

scazut , cea ce | e face ne
Cercettrile practice au d
exista intre nivel ul pr ot

seminSelor,uniformitatea s

Din datele rezultate, privind influienta sistemelor de
conditionare asupra procentului de boabe sistave ramase
in proba finala, facultatea germinativd, se constata o
Arupered a efectul ui Cumt
intrarea in lucru a gravitatorului(GA-81),cea ce inseamna
un efect singular mare al acestei masini.

Rolul important in fine e a pregtt éifliafe
mahina PLV h gravitatorul GA-81, chi ar da
observa efectul cumul ati v
utilaje Thi aduc cel mai mare aport in eliminarea boabelor
hintave, bolnave hi mi ci .a ShimmCanl t, c
bine dezvoltat, boabe pline h stnkttoase
valoarea culturalt a | otul

Diferenel e semnificative ce
variantele de condi ionare in ce privehte procentul de
boabe hit ave r tmase ° naprpapeo@dulirs
cazul variantelor:¥;-¥;) precum hi diferen e in ce privehte
germina ia, de peste 8%,deziderate ce contribuie la

reducer ed semiakii tcrefterea normei de
semtnat , rtspOndirea bol il
capregttireia, semi se factkt “r
ce au 0 dot ar e tehnict c
specializat.
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THEORETIC CONSIDERATION REGARDING THE PNEUMATIC TRANSPORT SYSTEM
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Abstract: In this paper is treated the pneumatic
transport phenomenon, from the theoretic point of
view, of vegetable seeds ,namely small and very small
seeds, which are handled by dedicated sowing
equipment in order to be seeds in plug trays and
nourishing layer. The working principles of those
equipments combine two important sub domains of the
pneumatic actuation systems, the low pressure field
(pressures up to 10 bar) and the vacuum field, and for
each line in part must be used specific equipments
that must meet the designer technical requirements.
Therefore, it is required that in the design/optimization
process to take into account the seeds morphological
properties that have a direct impact on transport and
positioning process. Thus, the factors that influence
the technological process shall be treated in this paper
from a theoretical perspective.

Keywords: seeding equipment, pneumatic system,
pneumatic transport, small seeds and plug tray.

INTRODUCTION

The technologic process of pneumatic transportation
of granulated and seeding material is used in agriculture
(sowing, harvesting, conditioning and storage) in cereal
and seed pre-processing and post post-processing.
Those technologies uses air flow in order to maintain the
integrity of harvested materials, to cause damage to grain
or seed harvested, to make a separation of the impurities
and insects, and also to realise an accurate dosage in
bags or other transport containers. [2, 5, 7, 9, 12]

Also, on this principle works the most performant
pneumatic seeders, as field seeders, greenhouses
sowing equipments and now, more recently in alveolar
structures. [3, 4, 8, 11]

Taking in to consideration the fact that the most
important crops with the greatest impact is the vegetable
crop, and due to the fact that the climate change has a
great impact on it, the demand of seedlings was
increased. In order to meet this requirement, were
developed and manufactured seeds  superior
capitalization technologies, for all categories of farmers
and growers, so they can adapt to the environmental
conditions. [3, 4, 8]

In vegetable and flower growing is prevailing seeds
with small and very small dimensions (Table.1), with
regulate or less regular geometric shapes (Fig. 2) and
for this reasons the most seedlings producers used
manual sowing method on a fairly large area. But due to
competition for resources, in particular nutrients, only a
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sembnarsebaornrnaepe o suprafa$

develop properly and then to be transplanted in pots. datoritt competi Si ei pen
Therefore at international level, were made and substanSe nutritive, numai
promoted a wide range of pneumatic seeding equipment puteau germina Ki dezvol t:
for small and very small seeds in cellular systems so that st fie transplantate “~n gt
each seed to have optimum development conditions. [3, lani vel internaSional, au
4, 8, 10] gamt variatt de echi pament
seminSe mici K i foarte mi
"nc ot fiecare st mOn St st
dezvoltare. [3, 4, 8, 10]
Table 1.
The peculiarities of leguminous seeds.
Species Length [mm] Wide Thickness MMB Seed no. Weight [hl]
[mm] [mm] [g] gl
Tarhon 1-1,2 0,4-0,5 0,4-0,5 0,25 4000 -
Celery 1-1,5 0,6-0,9 0,6-1 0,3-0,5 2700-3500 53-55
Savory 1,1-1,8 0,8-1,3 0,6-0,7 0,5-0,8 1250-2000 -
Salad 2,7-3,8 1,2-1,7 0,5-0,8 1-1,2 800-1000 44-46
Carrot 2-4 1,1-1,8 0,6-1,2 1,1-1,9 550-850 11-35
Parsley 2,2-3,2 1-1,7 0,8-1,3 1,2-1,8 560-820 52-60
Dill 3,0-4,6 2-3,2 0,6-0,8 1,2-2 500-820 38-40
Steve 2,2-4 1,5-2 1,5-2 1,6-3 350-600 -
leek 2,1-3,2 1,5-2 1-1,7 2,3-3,6 270-420 40-54
Tomato 3-4 2,2-3 0,5-1 2,7-3,4 300-370 -
Onion 2,4-3,2 1,2-2 0,8-1,6 2,7-5 200-360 40-52
Loboda 6-10 5-7 1,2-2 3,6-6 170-280 -
White cabbage 15-1,4 1,3-2,4 1,1-1,3 3,2-4,2 240-300 67-69
Peppers 2,3-4 2-3,6 0,6-1,1 4,5-8 125-200 48-50
Radishes 2,9-3,9 2-3 1,2-3 6-10 80-135 60-72
Asparagus 3-3,8 30-32 2-2,2 17-20 50-60 -
Cucumber 8-12 3,2-4 1-1,6 28-40 25-45 48-50
Melon 7-11 3-3,8 1,3-2 30-50 20-35 47-51
Watermelon 7-12 3-8 2-3 30-150 7-35 40-50
Artichokes 6-8 3-5 2-3 44-51 19-23
Bame 3,5-6 3,5-6 3,4-6 65-85 12-15 -
Noggin 10-19 2,8-12 1,5-4 80-250 5-12 50-55
Spinach 2-5 2,3-3,5 1,8-2,1 7-12/9-14 - 35-40
Lovage 4,7-7,5 2,1-3,7 1-1,5 - - -

Cucumber

Peppers

MATERIAL AND METHOD

An important factor in pneumatic conveying systems is
the concentration of material in air, respectively the
report between the material weight and the air weight. [1,
6]

In the case of small and very small seeds can be
applied vertically transported particle theory, due to their
very small di mensi ons; in
tray, a depression is generated to the upper body,
forming a current of air which aspires the seed or the
particle in the tray.

The phenomenon of vertical transportation of solid
particles and keeping them suspended occurs when air
speed is equal or greater against the floating speed.

In this case, the speed of the rising particles v; is
equal with the airflow speed v, minus the particle flotation
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Parsley
Fig. 1 - Small vegetable seeds physiological properties. [10]

Tomatoes

MATERI ALETKAODIM
Un factor important in cadrul sistemelor de transport
pneumatic este concentra$i
t

aer , respectiv raportul d
greutatea aerului. [1, 6]
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alimentare, respectiv particula.

Fenomenul de transport 9
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plutire a particulei vp,.

Vp = Vg — Vi (M/S) 1)

The slip factor namely S can be expressed in the
equation (2).

£ =

In practice, the particles carried by air currents usually
have different shapes and sizes, which are included in
specific limits. This relative sliding of the material is the
average particle glide.

In the limiting case, when the air speed v, is equal to
the speed of floating vy, the relative speed v; is equal with
the air velocity va and S is equal 1 and the vertical
transport of material ceases.

If va>vp, the gliding factor is subunitary and material
transportation occurs. Because the solid material
transported to do not cause an increasement of mixture
concentration, the gliding factor must reach lower values,
around 0.5 - for small grains and 0.2 - for grains.

For each type of material, it is an optimal energy
regime, respectively the minimal energy consumption for
transporting a material unit.

The particle floating speed, in conclusion, has an
important role and therefore this phenomenon will be
studied because it is applied to small and very small
seeds.

The particles flotation rate, when they are in position
and the air flow is upward, is influenced by the forces
equilibrium, respectively by the relative speed of the air
from the external environment.

In Fig. 3, illustrates an isolated spherical particle in an
air stream, where v, is the air velocity and this must be
chosen as a particle to be in a state of rest to a
designated location.

Factorul de alunecare, respectiv S,are expresia din

Ta

ecuaSia (2).

Cn practict, particul el
curenSilor de aer, au de o
suntcuprinseinanumi te | imite. Ast
a materialului, reprezintt

Cn cazul limitt, cOnd vi

viteza de plutrev,, Vvi tezseseékatigalt
aerului v, K IS este egal cu 1, iar transportul de material
pe verticalt “nceteazt.

in cazul in care Va>Vp, factorul de alunecare este
subunitar K i transportul
material ul solid transport
concentrasSiei ame st e celtrebuie
st ajungt | a val or i pentra granu
mar i  kpentr@grafule.

Pentru fiecare tip de mat
energetic optim, respectiv consumul minim de energie
pentru transportul .unei wun

Viteza de plutire a particulelor, in concluzie, are un rol

i mportant K i din acest mo t
acest fenomen aplicat Il a
foarte mici.

Viteza de plutire a particulelor pentru cazul in care
acestea stau pe |l oc K curentul de

este influenSatt de echili
relativt a aerul din mediu
Cn fig. 3, este prezenta

s f er i wrcurenh deraer, unde: var epr ezi n

Fig. 2 Balance of particle in upward air current.

From equilibrium eq. (3), it is noted that on the particle
acts, the particle weight Z and the upward forces acting,
respectively the airflow pressure W and the Archimedes
force Sa.

aerului K i trebui astfel al et
gtseasct “"n stare de repau
Din ecuaSia de echilibru
particul ei acSioneaztki gr &k

ascendente, respectiv presiunea curentului de aer W K
f o r SAahimede iSa.
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W45, =2

The particle weight is shown in eq. (4), where: d is the
particle diameter (m) and y,,, is the specific material
weight (kgf/m?).

Archimedes force is equivalent to the particle air
displaced weight, eq.5, where ¥, is the specific weight of
air (kgf/m3) at a certain temperature.

med?

3a= s Ya

The bearing force is the force generated by the air
flow, eq. 4, and depends: by ¥, - the air specific weight
(kg/m®), by g i the gravitational acceleration (m/s?) and y
i the coefficient of pressure.

s~ 'm

1SB:IN/ -H: 2015
®3)
Greutatea particul ei es tde

este diametrul particulei ( m) ¥k ieste greutatea
specifict a mdterialului (
4
ForS a I ui Ar hi mede este €
aerul ui di sl ocat dj esmeagreuatex
speci fict a?’)aelraulouian(ukngiftltm
®)
For Sa portantt, reprezint
curentul ui de aer, g e€greutfted
speci fict a 3e),etdeulgu-iac(ckegfn

gravitas$ iz)o nkaiyl -toef{cientukde presiune.

PRI o
W= (6)

In most cases the y,, # 3, and for this reason the In majoritatea cazurilor ¥, =¥, K i din
Archimedes force is neglected, and equilibrium condition considerente se neglijeazt
becomes W = Z. Replacing forces with their expressions de echilibru devine W = Z.Inlocuind for Sel e <cu
and we obtain the equation (7). [1] |l or se obSine ecuaSia (7).

[aegedey,,
r = f 7
Vo= [ Y]

With the above expression, can be determined the
floating speed v, = v;, which at the moment is an

equation with two unknowns
Reynolds number, which is determined, in its turn, by the
air speed 1.

Next, a certain value is chosen for 1., from which is
determined the Reynolds number using eq.(8).

_ D

Re =

The kinematic viscosity v has the value 0.145*10™
m/s, only when the air has the temperature of d=15 3,
p=760 mmHg and 25,=1,2 kgf/mg. Knowing Re, the
coefficient y can be determined and it is check if va was
correctly chosen, whether that condition v.a ¥ is
respected.

It should be noted that the pipe floating speed is
slmaller than the speed in space, but also the fact that
the mathematical model is applicable only to particles
with spherical shape.

For the irregularly shaped particles, it is taken into
account the equivalent sphere diameter dech and the form
factor Ky

If the particle with varied shape has a volume V, then
the diameter of the equivalent sphere can be determined

by applying eq. (9).

3| el

Gech = V=

The form factor influences the air pressure coefficient
on the particle y, and the equation floating speed in this
case is shown as in eq.(10).[1].
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Cu ajutorul expresiei de mai sus se poate determina
viteza de plutire v, = 15, care Th acest moment este o

ecuasSie cu dout ne c uy esec
dependent de numbtrul Reyno
determinat de viteza aerului 1.
Cn continuare, se al egey,
din care se determin L numbtr ul Reync
ec.(8).

®)

Vascozi t at ea c 3, arevalaared det0,145*10™
m/s, atunci cand aerul are temperatura d=15 3 , p= 760

mmHg 21,2 kgf/m®. Cunoscand Re se poate
determina coeficientuly Kk i s e v e rvi affastcbine
aleast, respectiv da@l se
Trebuie luat “n consider:
“n conductt este mai redus
dar Ki faptul ct, model ul
pentru particulele cu form

Pentru particule cu forme neregulate se ia 1in

considerare diametrul sferei echivalente dech K i no'!
factorul uk. de f or mt
Dact particul a, cu formwt

atunci diametrul sferei echivalente pate fi determinat
aplicand ec. (9).

©)
Factorul de formt infl
presiune a aerului asupra particuleiy ,i ar ecua:

de plutire in acestcazarefor ma prezent at
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- ||""5”j""m Lo |1 — (e
Vp= Ty, * ,‘.Ei* [1 { D }z] )

The value for K parameter and the report C between Valoarea parametrului K K i r a@ dintre vitdza de
the floating speed of equivalent sphere v and the plutire a sferei echivalente v 0K i viteza
spherical particle floating rate Vp, can be chosen particulei sferice Vp, pot fi alese conform Tabelului 4.

according to Table 4.

Table 4.
Values of shape factor K, and C for bodies with different shapes. [1]
Sphere 1 1
The rounded shape with irregular surface 2,5 0,64
Elongated body 3 0,57
Board 5 0,45
Table 5.
Experimental data on the dynamic characteristics of seeds. [1, 10]
Lin ' 660 5.2 Technical plant with small seed
Cotton 600 9,5 Textile plant with small seed
Poppy 590 251 4,3 Vegetable species with very small seeds
Chicory 390 11,97 13,2 Vegetable species with very small seeds
The speed of floating bodies, usually is determined Viteza de plutire a corpurilor, de obicei este
for individual particles or if the solid material determinatt pentru particu
concentration in the air is very low, because from the “n care concentraSia mater
experimental work it is demonstrated that, along with redust, deoarece din ac-a
increasing concentration of material, floating rate demonstrat ct o dat Lt rcauSi
increases. material, viteza de plutir
From the viewpoint of seeding technology of small Di n punct de vedere al
and very small seeds, such calculation methods are semi nSel or mi ci K i foarte
suitable, because the speed of the float is specific to sunt adecvat e, deoarece vi
materials with reduced concentration, respectively to materialelor cu concermwt dec
seed absorbtion, using a nozzle or needles connected to absorbSie a unei semi nSe <
the vacuum system, see Fig. 6-11. conectate |l a instal agl.a de

y

Fig.6. Seed interchangeable nozzles for plug trays - MOSA. Fig.7 Seed needles aspiratio/é\/écuétion units i MOSA.

A o

Fig.8 Seed metal nozzles aspiration/evacuation units i Fig.9 Seed rubber nozzles aspiration/evacuation units i
HAMILTON. BLACKMORE.

Fig.10 Type of needles for small seeds multiple sowing - Fig.11 Bent needles for GS1seeder i SEEDERMAN.

AGRITEH.
101
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To dimension the pneumatic transport system, Pentru di mensionar ea ir
respectively alveolar pneutronic seed drill for small and pneumatic, respect i v al sembnt
medium seeds, it is very important to know the quantity of pneutronice pentru seminSe
transported product, which is directly reflected on i mportant a s e cunoakte
machine productivity. [6] transportatt, care se refl

Depending on this, it can be determined functional makini. [6]
and technical parameters of conveying such as: mixing Cn funcSie de aceast a, <
coefficient, air flow, diameter of transmission pipelines tehnico-f unc Si onal i ai instalze
(nozzles and needles) nozzles, diameter for main power coeficientul de amestec, debitul de aer, diametrul
line and others. [6] conductel or de transport
An important parameter is the mixing coefficient € that principale de alimentare K
usually it is framed between 1.5 + 3 and represents the Un parametru important este coeficientul de amestec ¢ ,
ratio between the product transported quantities Gp care de obicei se “ncadrea
(kg/min) and the air quantity needed during this process raportul dintre cantitatea de pr odus t r aGm
Ga (kg/min), eq.9. [6] (kg/ min) «xi cantitatea de&;

(kg/min), eq.9.[6]
— Em
u=2 9)

Where G is the product of the specific mass of 1 m® UndeGaeste produsul di nt r’ae
of air flow y, specific to the working environment and the aery;speci fickt mediul Qu de |1
debit Qa..

Gy =¥ =0 (10)

The airflow needed a transport line g is determined Debitul de aer necesar unei linii de transport g se
using the eq. (11). [4] stabilekte utiliz©nd for mu

— E‘ﬁ-
q= ¥Rl (11)

The determination of the required flow for a power Pentru a determina debitul necesar unei linii de
lines / pipeline Q; can be used eq. (12). alimentare/magistrale Q: se utilizeaza ec. (12).

@r=(gs+gs+ tdy) =cg 12)

Where ca, is the amplification factor to cover Unde ca. este coeficientul de amplificare pentru
unexpected losses or consumption. acoperirea unor pierderi s

Diameter of transmission lines d; is calculated using eq. Diametrul conductelor de transportdis e cal cu
(23). folosind ec. (13).
d, = 0,133« |—om_ (13)
= o v e60

Where: d; is the diameter of the pipeline (m), Gm is Unde: d; este diametrul conductei (m), G, cantitatea de
the quantity of transportd pr oduct (kgl produs de transport (kgll
coefficient and v is the air velocity in the pipeline (m/s). amesteeske viteza aerul ui

The diameter of main supply line or main pipe D, on Diametrul conductei principale de alimentare sau a
which are connected to the transport lines, is calculated magistralei D, la care sunt racordate liniei de transport,
according to eq. (14). secal cul eazt conform ec. (14

D= 2L (14)
4'.- .."Lf
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In the scientific literature, the particles transported by
an air current have a rotation movement, whether the
transport is on horizontal or vertical, because it has an
asymmetrical geometry and the gravity center varies.
Rarely the result of bearing force passes through the
particle gravity center ¢
positioned in center of gravity and then is produced a
rotation moment.

CONCLUSIONS

The working principles of sowing small and very
small seeds in plug trays has an interdisciplinary
character as it combines two important subdomains of
the pneumatic actuation systems, the low pressure field
(pressures up to 10 bar) and the vacuum field, and for
each line in part, must be used specific equipments that
must meet the technical requirements.

Therefore, it is required that in the
design/optimization process to take into consideration the
seeds morphological properties that have a direct impact
on transport and positioning process.

Besides factors presented in this paper the process is
influenced by the seed friction force with feeder, in order
to reduce the contact area. For this reason, the seed it
has a hopping motion due to a vibrating system or, which
is set according to the morphological characteristics
(such as: size, the specific weight and particles form),
Properties which are also important for the pneumatic
vertical transport, namely the gliding factor.

This aspect was not treated from the theoretical
standpoint in this paper, but will be subject to other
scientific papers that will expand the theoretical basis that
can be applied to these types of equipment.
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Abstract: An important requirement in animal feed is the
quality of hay obtained from forage harvesting process.
The paper presents experimental research of prototype
of windrower trailed who performed in a single pass
mowing and conditioning operations (crushing, breaking
or defibration stalks) and left swaths of fodder plants.
The results will constitute the basis of promoting the
exploitation of a competitive product, which, by the work
process performed, helps to accelerate the drying of hay
on the soil, thus improving its nutritional quality.

Keywords: trailed windrower,
breaking, defibration, swaths, fodder

harvesting, crushing,

INTRODUCTION

Hay plays an essential role in animal nutrition in winter. In
winter should be used as feed hay first of all, followed by
the first meed of concentrate fodder [1].

The hay is a food of a dairy cow that cannot be
relinquished. It supports the motor functions of the bellows,
i.e. muscle activity of the digestive system and ruminants,
activities crucial for proper decomposition of food.
Therefore, the yield of dairy cows is influenced by genetic
potential generally around 20%, about 30% of
accommodation and care and feeding 50% [6].

This relationship is dependent on the harvest -
conservation i rationing of feeding. Harvesting plants on
permanent pasture and crop land is common from spring
until late fall to ensure daily needs of food animals [2].

The quantity and quality of fodder depend on various
factors forced the speed of growth of the plants, weather
conditions, mechanization and the way storage [3].

One of meteorological factors influencing the quality of
hay is rain, which darkens and depreciates them [4].

S.C. MECANO FUC S.A. in partnership with INMA
Bucharest has found the solution to this problem by
applying a harvest technologies leading to hasten drying
hay on the ground. Thus they were conducted experimental
research to promote in this new technology a windrower,
which is designed to perform mowing operations (crushing,
breaking or defibration stalks) and left swaths forage
grasses for drying natural [5].

Lamination (crushing) plant plays by rollers has an
important role in the harvesting technology because this
operation hastens the water evaporation. At the same time,
by crushing the humidity of leaflets and stems are unified,
ensuring their identical drying conditions and also be
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Rezumat: O cering® i mportantt "~ n f
este calitatea fanului ob$ut Tn urma procesului de
recoltare a plantelor furajere. Tn lucrare sunt prezentate
cercettktrile experimentale

vindrover tractat, care la 0 s i n g trecete realizeaz t
operadile de cosire (strivirea, frangerea sau defibrarea
tulpinilor)  Ki Il tsatul a plantelor uajde
Rezultatele ob$ nut e vor sta I a

exploatare a unui produs competitiv, care prin procesul de

l ucru real igratteba ajustc r il ia f,
" mbugdi-it astfel calitatea n
Cuvinte cheie: vindrover tractat, recoltat, strivire,

frangere, defibrarea, brazde, furaje

INTRODUCERE

FOnul j oact Jauin alimentb$a d s e m a
animalelor. larna trebuie ad mi ni strat f ©n
furaj, dupt car e ur me azuri
concentrate [1].

Fanul este un aliment al unei vaci de lapte la care nu se
poate renun@ . El s p $ilé fnatoniitale burdufudui,
adi ct activitatea lm udigestivl it
rumegatul, activitate i
descompunere corespunzttoa
randamentul unei vaci de lapte este influen&t de
poten3alul genetic Tn general cca.20%, cca.30% de
condidile de cazare ki Ingrijire ki 50% de furajare [6].

Acest lucru este dependent de relaa recoltare -
conservare - furajare ra$ o n aRedoltarea plantelor pe
p kunile permanente ki terenurile cultivate este des
"nt©lnitkt “"ncepkOncdp ©hée proiam
scopul asi qumubimuii znéoesc daA
Cantitatea ki calitatea furajelor depind de diverki factori
impuki de ritmul de vegeta$e al plantelor, condigle
atmosferice, me c &irfdluk de depazitare
[3]. Unul din factorii meteorologici care influen® a z
calitatea fanului este ploaia, care 1l Tnnegrekte ki
depr e d4]. 8. MECANO FUC S.A. in parteneriat cu
INMA Bucurekt i a g Baspentru rezoltanga acestei
probleme, prin aplicarea unei tehnologii de recoltare care
st conducteal ausgrhbir fAstelyaul
fost efectuate cercettbri e»
in cadrul acestei tehnologii a unui vindrover tractat, care
este destinat s file de fcasiet(atrigireae
frAngerea sau defibrarea tulpinilor) ki l tsatula
pl antelor furajere ierboab}e

Laminarea(strivirea) pl ant
important in cadrul tehnologiei de recoltare deoarece prin
aceastt oper keSevaporasea apeg.rintaoeta K
ti mp, prin strivire s e ut
frunzuligki tul pini, asigur©nd ¢
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eliminated or reduced work rummage, thus reducing the
losses in leaflets by shaking. All these advantages lead in
the end to obtain high quality fodder.

MATERIAL AND METHOD

Experimental research in laboratory and exploitation
conditions, which are presented in this paper, were
performed on experimental fields of SCD Pajikti Vaslui,
according to the testing procedures developed by INMA
Bucharest, with the prototype of a windrower trailed by a
47.8 kW Romanian manufacturing wheel tractor (fig.1).
This was coupled to the tractor drawbar and working bodies
were driven to the power via a shaft. Trailed windrower,
while working, by submitting in fodder plant field, bends
plants with a front bar, cut them with a cutter knife and
fingers and directs them by the elastic fingers of a folded
towards two crushing rollers. Plant laminating by rolling
rollers plays an important role in obtaining high quality
fodder, as speeds up the evaporation of water, equalizing
the humidity of the leaflets and stalks, in order to reduce the
loss of leaflets by shaking.
Working indices determined
conditions:
- Effective working width, cm
- After cutting swath width, cm
- Cutting height (stubble) cm
Parameters determined in operating conditions:
- Average speed of working, m/s
- Effective torque to the PTO, Nm
- Effective power consumption, kW
- Noise, dB
- The amount of vegetal mass per hectare, t/ha of green
mass

However, in the testing research in operating conditions
intended to establish how move in work the aggregate
windrower VF + 47.8 kW wheel tractor, to diminish the time
of returns at the end of the plot and avoid traveling unladen,

under laboratory

[SB-INI FH! 2015
uscare Ki totodatt se elin
rtvikire, reduc®©nd ast$ etin

scuturare. Toate aceste avantaje conduc in final la
ob$nerea unor furaje de calitate.

MATERIALEkKlI METODI

Cercettbtrile e X p e §idmdabdratof i
exploatare, care sunt prezentate in lucrare, au fost
efectuate pe terenurile experimentale ale SCD Pajikti
Vaslui,”" n conformitate cu proc
de INMA Bucurekti, cu prototipul de vindrover tractat in
agregat cu tractorul de 47,8 kW pe ro$ de fabricage
r o moOn e dfig.t)t Acesta a fost cuplat la bara de
tracune a tractorului, iar organele de lucru au fost
acfonate de la priza de putere prin intermediul unei
transmisii cardanice. Vindroverul tractat, Tn procesul de

l ucr u, prin “naintarea 'n
unei bare frontale, |l e taie cu un apc
Ki cut Ki Il e di r iktf degetetelastiae al® unui
rabator S p 198 dedstrivire. Laali eki r
val Suri, plantele cosite sI
I £Si me poat e fi vari att

reglabile, “"n &dudeSmatdei al
de lucru a echipamentelor de strans plantele uscate.

Indicii de lucru determina$ in condi$i de laborator:
-L® mea efectivkt de lucru, C
-L® mea brazdei dupt ttitiere,
-CnE nea de txed)eme ( miri
Parametri determina$ in condi$i de exploatare:

- Viteza medie de lucru, m/s

- Momentul real la priza de putere, Nm

-Puterea realt consumat t, k
- Nivelul de zgomot, dB

-Cantitatea de mast vegetal
Totodat t, “n cadr ud de exploataee
s-a ur mer it stabilirea orooud au

agregatului vindrover VF + tractor de 47,8 kW, in vederea

Fig. 1 -Trailed windrower prtoe in aggregate with the 47.8 kW wheel tractor

di minukrii ti mpul ui afecta
Ki evitbErii depl astridi “n g
Table 1

The conditions under which the tests were performed

Specification Harvesting culture:
SAINFOIN

Year of vegetation First year
Growing stages 55 % blooming
The average height of grass field, mm 540
Average plant height, mm 620
Plant moisture at harvesting,% 56.8
The number of plants per m*, pcs. 246
The average amount per hectare of the vegetal mass, t/ha 22.7
Botanical composition of the harvester grass field,%

- sainfoin 68

- other plants 32
Tractor in aggregate, CP 65
- Engine speed, rev / min 1800
- PTO speed, rev/ min 540
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. Harvesting culture:
Specification SAINFOIN

Load on the skates of the windrower, kg 40

The apparatus used in experiments Aparatura utilizattkt | a exp
- Measuring the forces of connection between the tractor - Mbsurargadorfode |l egttur ki
and the trailed windrower (tensile strength Ft) was vindroverul tractat (for@& de rezisteng | aSurie Fpa
performed using transducers drawbar. realizat folosind trmmeluct oc
- Effective torque to the PTO measured with a torque - Momentul real la priza de putere s-a mtsur a

transducer (model TAWA-S3 / 2kN).

- To record the acquired data directly to a computer
Toshiba has used a package of specialized programs.

- Stopwatch

- Metallic frame of 1 m2

- Measuring tape 50 m;

- Weigher.

- Tensile strength was calculated based on driving speed
v; of the aggregate and average tensile strength F;
previously determined with the relationship:

t

where F; is the average tensile strength in N and v, -
average working speed in m/s.

RESULTS

Table 2 presents the average values of indices obtained
in laboratory tests.

Analysis of the data presented in Table 3 shows that
trailed windrower in aggregate with 47.8 kW wheel
tractor, has performed, in accordance with the effective
settings, a working width of 2100 mm and an average
cutting height of 62 mm. Following experimental
research in laboratory conditions it was found that the
width and thickness aspect of furrows made by trailed
windrower is uniform and can be collected by balers,
loading wagons, fodder combines whose harvesting
equipment have working widths of 1.5 ... 1.8 m.
Operational tests were made in different working driving
and working conditions according to the INMA Bucharest
test procedures. Table 3 presents the average indices
values obtained from energetic tests in operating
conditions.

F° v

traductor de moment de torsiune (model TAWA-S3/2kN).
- Pentru Tnregistrarea datelor achizionate direct pe un
computer Toshiba s-a utilizat un pachet de programe

specializate.

- Cronometru

-Ramt metalfct de 1 m
-Rul ettt de 50m;

- Cantar

- Puterea de trac3une s-a calculat, pe baza vitezei de
deplasare v, a agregatului ki a for®i medii de trac$une F;
determinate anterior, cu ajutorul relagei:

K
1000 " @

unde F; este for& medie de tracune, in N iar v, - viteza
medie de lucru, in m/s.

REZULTATE

in tabelul 2 sunt prezentate valorile medii ale indicilor
ob$hu$ | a “ncer fderlabdrator. " n conc

Analiza datelor prezentate Tn tabelul 3 ar £t &t
vindroverul tractat in agregat cu tractorul de 47,8 kW pe
ro$ a realizat, in conformitate cu reglajele efectuate, o
k$ me medie efectivi de ol el
medie de ttiereCndeur®ma m
experimentale in condi$ de laborator s-a const
aspectImi ki lgkosimii brazdele realizate de
vindroverul tractat este uniform ki pot fi adunate de

presele de balotat, remor c
de furaje al cktror e cahiidplacr
de 1,5é1, 8 m.

Cncercktrilaare dau etectyal m diverse

condi de deplasare ki de lucru, Tn conformitate cu
procedur a dINMA Bacorexti. dnttabélul 3 sunt
prezentate valorile medii ale indicilor energetici ob$hu$ la
“"ncerctr igfideexploatare.ondi

Table 2

Indices obtained in laboratory testing conditions

Name of Indices M.U. Measured value
Average effective working width mm 2100
Average width of the swath after cutting (the first stage adjustment) mm 1500
Average width of the swath after cutting (the second stage adjustment) mm 1100
Cutting average height (stubble) mm 62

Table 3
Energetic indices obtained from tests under operational conditions
. Average speed of working, m/s
The measurement carried out MU 127 141 157 172

The average engine speed rev/min. 1853 1856 1850 1813
Average speed of PTO rev/min 556 557 555 544
Effective average torque of PTO N m 26.92 28.62 30.48 32.56
Effective average consumed power kW 16.5 18.3 20.4 22.3
Average Noise Level dB 85
The average amount of vegetal mass per hectar t/ha 22.7
Within operational tests intended to establish the mode Cn cadrul “ncer ctka iuromk rdiet
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of displacement in work of the windrower, VF, in
aggregate with 47.8 kW wheel tractor, to diminish the
time of returns at the end of the field and avoid unloaded
movement.

Moving around from the outside towards the center of
the field is the most recommended because time returns
is very small and is recommended for harvesting fields of
200 ... 250 m sides, possibly square shape.

The lateral displacement, on the right side return at the
end of the parcels, is recommended for fields, grater
width of 250 m and length of approx. 50 ... 100 m. In this
situation, to safely return, requiring a space width of 6 ...
8 m at the ends of the parcel, obtained by mowing or
harvesting plants with forage harvesting.

Figure 3 shows the aggregate of 47.8 kW wheel tractor +
trailed windrower while turns at the end of the parcel.

ISB:INNA-TEH 2015

modului de deplasare in lucru a agregatului vindrover VF-
tractor de 47,8 kW, “n vederea dimir

"ntoarceril or kia ecvaptbtruli pde
Depl asarea de jur “~“mpreju
parcel ei, este cea ma i re
afectat intoarcerilor e st e foarte mi c ,
pentru recoltarea parcel el «
cOt posibil de formk pktrat
Depl asarea | ateralt, cu ’
capetele parcelelor, este

| $mea mai mare de 250 m ki l ungi mea de
m. Cn a c e%aeste hecesar talaaxapetele parcelei
st exi s t@eneaesar penpriaintoarcerea agregatului
cu $ime a de,daré & obne prin cosirea plantelor

Cu cositori sau recoltarea cu combine de furaje.

Tn figura 3 este prezentat agregatul tractor de 47,8 kW
+ vindrover
capttul

tractat “'n ti
parcel ei

R

Fig. 3 - Picture of 47.8 kW wheel tractor + trailed windrower while returns

CONCLUSIONS

Following the observations made during experimental
research showed that:

- trailed windrower respected major quality assessment
indices and operating parameters for mowing (crushing,
breaking or shredding stalks) and leaving swaths of
fodder plants;

- through the work conducted by tested trailed windrower
the drying time of mowed plants became shorter and
ensured also drying of the stems and leaves.

The results will form the basis of assimilation into
operation of the trailed windrower so that the risk caused
by prolonged remaining on the ground of the fodder to
be harvested is much lower, thus improving its qualities.
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CONCLUZII

In urma observaSilor efectuate n t i mp ul C ¢
experimentale a rezultat ct:
- Vindroverul tractat a respectat indicii principali de apreciere
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in brazde a plantelor furajere;
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Abstract:. Medicinal plants represent natural
resources of bioactive principles, as the active compounds
are concentrated in the whole plant or in its different
organs, the so-called useful parts.

After gathering, the vegetal matter can be subject to
conditioning or mincing operations. Diminishing the
medicinal plants dimensions is required by the market
demands, or represents an intermediary phase/operation
within the technological processes of obtaining the
relevant products.

The paper presents the experimental results regarding
the quality of chopping the Milfoil herb (Achillea millefolium
L),as wel |l as S(Hypeldiourh pedfaratumu .,
for different adjustments of cutting system. The aim was to
determine the possibilities of utilization of vegetal matter
resulted for specific end products (tablets, tea, extracts
etc.)

Keywords: process quality, dimensional reduction, herbs.

INTRODUCTION

Reduction of medicinal herb size is achieved by means of
mechanical forces, similarly to mincing process for any type of
raw material. [5], [8]

Cutting/chopping is one of most used methods for
mechanically reducing medicinal herbs6 u s e fsige(folium,e
herb, radix, cortex etc). As a general rule, the operation is
performed after conditioning, which comprises sorting and/or
drying [4] The most efficient cutting of fresh or dried medicinal
plants is performed by shearing between two cutting blades,
after having compressed the material, previously. The material
cutting begins when the knife pressure surpasses the plants
shearing resistance. The latest depends both on plants natural
features and technical and technological factors (geometrical
and kinematic characteristics of cutting parts, material flow
characteristics etc.) [2], [5], [6]

Herbs represent the medicinal plant aerial
respectively the stem with leaves and flowers. Thus,
Milfoil(Achillea millefolium L) (fig.1) and St John
(Hypericum perforatum L), (fig.2) are harvested as such,
being ones of the most natural remedies used in traditional
human and veterinary therapy.

Milfoil (Achillea millefolium L) is a perennial plant of
spontaneous flora or crop. Flowers contain an essential oil
rich in azulene, cineol, achilleine etc., which are mostly
lost by drying. Herb also contains monocycles triterpenic
compounds, salicylic acid, formic acid, ascorbic acid,
micro and macroelements(Fe, Cu, Mn, Ni, Zn, Si), fat oil,
etc. Green or dried plant, as infusion or decoction is used
in human therapy, as stomachic, eupeptic, astringent,
tonic, fighting against digestive, kidney, nervous diseases,
being also a hemostatic, colagog, hypotensive and
antiseptic factor.[4]

organs,
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Rezumat:

Plantele medicinale constituie resurse naturale de
principii bioactive, deoarece concentreaza compusi
activi in totalitatea plantei sau in diverse organe ale
acesteia, denumite parti utile.

Dupa colectare, materialul vegetal poate fi supus
unor operatii de conditionare sau maruntire. Reducerea
dimensionala a plantelor medicinale se aplica ca
urmare a cerintelor pietei, sau ca fazaloperatie
intermediara in cadrul proceselor tehnologice de
obtinere a produselor de profil.

Lucrarea  prezinta rezultatele  experimentale
referitoare la calitatea procesului de tocare a herbei de
coada soricelului (Achillea millefolium L.), precum si a
herbei de sunatoare (Hypericum perforatum L.), pentru
diferite reglaje ale sistemului de taiere. S-au urmarit
posibilitatile de utilizare a materiei vegetale rezultate,
pentru produse finite specifice (comprimate, ceaiuri,
extracte etc.)

Cuvinte cheie: calitate proces, reducere dimensionala,
herba.

INTRODUCERE

Reducerea dimensiunilor in cazul plantelor medicinale
se realizeaza datorita actiunii unor forte mecanice, asa cum
se realizeaza in general maruntirea pentru orice tip de
materie prima sau material. [5], [8]

Taierea/tocarea reprezinta unul din procedeele utilizate
pentru reducerea mecanica a dimensiunilor partilor utile ale
plantelor medicinale (folium, herba, radix, cortex etc).
Aceasta se executa de obicei dupa conditionare, constituita
de obicei din operatii de sortare si/sau uscare [4] Taierea
cea mai eficienta a plantelor medicinale in stare proaspata
sau uscata se realizeaza prin forfecare, intre doua lame
taietoare, dupa ce materialul a fost comprimat in prealabil.
Sectionarea materialului incepe atunci cand forta de
apasare a cutitului depts
plantelor. Aceasta depinde atat de caracteristicile naturale
ale plantelor, cat si de factori tehnici si tehnologici
(caracteristicile geometrice si cinematice ale organelor de
taiere, caracteristicile fluxului de material etc.) [2], [5], [6]

Herba reprezinta in cazul plantelor medicinale organele
aeriene ale acestora, respectiv tulpina cu frunze si flori.
Astfel, sub aceasta forma se recolteaza Coada soricelului
(Achillea millefolium L) (fig.1) si Sunatoarea (Hypericum
perforatum L), (fig.2) unele dintre cele mai cunoscute si
utilizate remedii naturale, utilizate in terapia umana
traditionala cat si in cea veterinara.

Coada soricelului (Achillea millefolium L) este o
planta perena din flora spontana sau din cultura. Florile
contin un ulei volatil bogat in azulene, cineol, achilleina
etc. care se pierde in mare masura prin uscare. Herba
mai contine: compusi triterpenici monociclici, acid
salicilic, acid formic, acid ascorbic, micro si
macroelemente (Fe, Cu, Mn, Ni, Zn, Si), ulei gras, etc.
Planta verde sau uscata, sub forma de infuzie sau
decoct se intrebuinteaza in terapia umana ca tonic
stomahic, eupeptic, astringent, combatand afectiunile
digestive, renale, nervoase si fiind hemostatic, colagog,
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St J o h n(Byperisum perforatum L) is a perennial
plant from spontaneous flora or crop, that is harvested
when the inflorescence has still buds ( months VI-VIII).
Conditioning of vegetal matter is preformed by drying. It
contains essential oil 1%, hypericin, 12% tannin, resins,
flavonoids, saponins, ascorbic acid, nicotinic acid and
valerianic acid, as well as, mineral salts. In popular
medi ci ne, S t is udedl Asirfusion wronraderate,
as a remedy for ulcer disease, chronic hepatic liver
affections and biliary motility disorders, as having colagog,
choleretic, diuretic, anti-inflammatory, vasodilator,
cicatrizing effect.[4]

o g S .0’* 1
| A ‘:g S5 s -
AAE. ¥
9 SO
Fig.1 Milfoil (Achillea Millefolium) 1]

Phytotherapeutic products, designed to treatment of
the above disorders have imposed to reduce the size of
the two plants herb. Thus, they may used :

- native plants: as a whole, fragments, powder or
infusion or decoction, or macerate;

- Pharmaceutical/phyto-pharmaceutical preparations
(extracts, tinctures, syrups) in which the active principles
are more concentrated, easy to administrate and not very
expensive [3], [10]

Individual monographs of vegetal products or
substances from Farmacopeea Romana offer details on
size of medicinal plants fragments used.[9]

By using an accuarate cutting system, differently
adjusted, conclusions on correlation between the
adjustments type and products for which the vegetal

matter will be especially used, have been drawn.

MATERIALS AND METHOD

Vegetal material used in tests was made of herb of
Milfoil (Achillea millefolium L) and herb of St J o hn
(Hypericum perforatum L), coming from spontaneous
flora. Plants were naturally dried, in the shadow, in well
aerated chambers until they reached the storing humidity
desired.[7] When herb of Milfoil (Achillea millefolium L)
was chopped, it had 10.21% humidity and St J o hn
herb had 7.89% humidity. This reduced humidity is
explained by high temperatures during July-August
months, when tests were performed.

Vegetal matter has been reduced in size by means of
a chopper for medicinal plants endowed with a gate shear
type knife, that during the working process, has a plan-
parallel movement, being one of the elements of a
quadrangle mechanism (fig.3) One of its bars, that controls
the movement of knife fixed by another pair working beam, is
united to a balancer, on which axle one link may move, being
driven by the button of a crank mechanism. This is situated
on one of outlets of worm reducer-spiral wheel, driven by
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hipotensiv, antiseptic.[4]

Sunatoarea (Hypericum perforatum L) este o planta
perena din flora spontana sau din cultura, care se
recolteaza cand inflorescenta mai are boboci ( lunile VI-
VIII). Conditionarea materialului vegetal se face prin
uscare. Contine ulei volatil 1%, hipericina, 12% tanin,
rezine, flavonozide, saponine, acid ascorbic, nicotinic si
valerianic, saruri minerale. In medicina populara
sunatoare este utilizata sub forma de infuzie sau
macerat, in medicina populara ca remediu antiulceros,
in tulburarile hepatice cronice si motilitatea cailor
biliare,cu rol colagog, coleretic si diuretic, antiinflamator,
vasodilatator, cicatrizant.[4]

Fig.2St.J 0 h n 6 ¢Hypercunt perforatum L 1}

Produsele fitoterapeutice, destinate tratarii afectiunilor
amintite anterior, impun reducerea dimensionala a herbei
celor doua plante medicinale. Astfel ele pot fi folosite:

- in stare naturala: intregi, fragmente, pulbere sau sub
forma de influzie, decoct, macerat;

preparate farmaceutice/fitofarmaceutice (extracte,
tincturi, siropuri) in care principiile active sunt mai
concentrate, mai usor de administrat si nu foarte
costisitoare [3], [10]

Monografiilor individuale de produse vegetale sau
substante din Farmacopeea Romana dau detalii cu privire
la dimensiunea fragmentelor plantelor medicinale
utilizate.[9]

Utilizandu-se un sistem de taiere exacta, reglat diferit,
s-au emis concluzii referitoare la corelatia intre reglaje si
tipurile de produse la care va putea fi folosit cu precadere
materialul vegetal rezultat.

MATERI ALE kI METODA
Materialul vegetal utilizat la experimentari a fost
constituit din herba de Coada soricelului (Achillea

millefolium L) si herba de Sunatoarea (Hypericum
perforatum L), provenite din flora spontana. Plantele au
fost uscate in mod natural, la umbra, in incaperi bine
aerisite pana cand au atins umiditatile de depozitare
prescrise.[7] In momentul tocarii herba de coada
soricelului a avut o umiditate de 10,21% iar cea de
sunatoare a avut o umiditate de 7,89%. Aceasta umiditate
scazuta se datoreaza temperaturilor foarte ridicate din
perioada (iulie-august a.c.) in care s-au efectuat
experimentarile.

Materialul vegetal a fost redus dimensional cu ajutorul
unei tocatori pentru plante medicinale, echipata cu un cutit
tip ghilotina, care in timpul procesului de lucru are o miscare
plan paralela, find unul din elementele unui mecanism
patrulater. (fig.3) Una dintre barele acestuia, ce controleaza
miscarea cutitului ancorat de inca un balansier pereche,
este solidara cu un balansier, pe axa caruia se misca o
culisa, purtata de butonul de manivela al unui mecanism
manivela. Acesta se afla pe una din iesirile reductorului melc
roata melcata actionat de motorul electric. La cealalta
iesire se afla alta manivela cu raza reglabila, al carui
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electric engine. At the other outlet, there is another crank
with adjustable radius, whose crankpin slides along a
balancer that commands the forward movement of
conveying bands. The driving drums of the two conveying
belts are coupled between them by a gear train. One of
the wheels is intermitently driven by a unisense cylindrical
coupling and a system of articulated levers, that
transforms the balancer alternative movement into
rotating oscillation of unisense coupling. The size of
forward pace of conveying belts is set by adjusting the
radius of crankpin handle. (fig.4)

Fig.3 Mobile knife and driving system

In order to operate the chopper of medicinal and
aromatic plants, it is necessary to perform the following:

-check and set the extent of conveying belt;

-check the rolls and the extent of upper belt assuring
the material compression;

-check the integrity of covers and protection guards

Medicinal plants (namely the dried ones), to be cut,
have to be previously cleaned of foreign bodies (inorganic
materials or other plants), as well as of damaged or
infested parts.

First, the material feeding is set, then the plants are
manually put on the band, so that the stems be oriented to
belt movement direction. If possible, it is advised to use
bunches of plants for a better handling and a more
efficient cut. The chopped material is shown in fig 5. In fig
5a is shown Milfoil and i
wort.

In fig. 6 are shown some aspects during the tests.

n
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maneton culiseaza de-alungul unui balansier care
comanda miscarea de avans intermitenta a benzilor
transportoare. Tamburii de antrenare a celor doua benzi
transportoare sunt cuplati intre ei printr-un tren de roti
dintate. Una dintre acestea este antrenata intermitent prin
intermediul unui cuplaj cilindric unisens si al unui sistem
de parghii articulate, care transforma miscarea alternativa
a balansierului in miscare oscilanta de rotatie a cuplajului
unisens. Prin reglarea razei manivelei manetonului se
regleaza marimea pasului de inaintare al benzilor
transportoare. (fig.4)

)

Fig. 4 Bolt that modifies the hadle radius

In vederea punerii in functiune a masinii de tocat
plante medicinale si aromatice este necesar sa se
efectueze:

-verificarea si reglarea intinderii benzii transportoare;

-verificarea rolelor si intinderea benzii superioare ce
asigura presarea materialului;

-verificarea integritati capacel or
protecSie

Plantele medicinale (in cazul nostru uscate), ce
urmeaza a fi taiate, trebuie curatate in prealabil de
corpurile strtine (materia
precumk i de pLtrSile wvatée maare$

Se stabileste avansul materialului, apoi plantele sunt
asezate manual pe banda, astfel incat tulpinile sa fie
orientate pe directia de miscare a acesteia. Daca este
posibil este indicat ca plantele sa fie sub forma de
manunchiuri, pentru a fi manevrate mai usor si pentru
realizarea unei taieri eficiente. Materialul ce a fost supus
tocarii este prezentat in fig 5. In fig 5a este prezentata
coada soricelului, iar in fig 5b este prezentata sunatoarea.

In fig. 6 sunt prezentate aspecte din timpul
experimentarilor.

K i

)
Fig. 5- a) Dried Milfoil

b) Dried St. Joh

Determination of quality of material mincing aims to
evaluate the mincing degree of medicinal plants and is
performed at each theoretical cutting length, initially set.

Experiments have been made for a minimum advance
of the band, similar to theoretical chopping length, namely
of: 2mm, 4mm, 6.5mm, 8mm. 3 samples of 120 g each
were collected out of material minced, appropriate for
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Fig. 6- Aspects during the experiments

Determinarea ¢ a | i tadurfrii iateralului are ca scop
evaluarea graduluide mt r uen Sa rpl ant el o
se efectueazt la fiecare l ungi m
regliantitSi al

Experimentarile au fost realizate pentru un avans al
benzii, identic cu lungimea teoretica de tocare de: 2mm,
4mm, 6.5mm, 8mm. Di n materi al ul
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each species and adjustment of conveying band pace. In
order to determine the distribution of fractions obtained for
the three adjustments of the machine, each sample was
separated in fractions using the Screening system Retsch
of AS 200basic type. Dimensions of sieve mesh are
chosen according to band feeding. Therefore, for the
sieves of screening system, the following dimensions
have been chosen: 0.5 mm. 1.6mm, 2mm, 4mm, 6.3mm,
8mm, 10mm. For each plant, the separation time was of
6 min, and amplitude of screening vibrations was of 40mm
for St J o Bemindor Miltoit. t a n d

RESULTS AND CONCLUSIONS

For every species and according to feeding, each of
the three samples was introduced in the screening
system, thus obtaining 8 fractions. They were weighed,
masses average and shares being calculated..

The distribution of sorts of the two chopped plants is
shown in table 1. Table values represent the average of
the three samples collected from the chopped material
obtained for each feeding adjustment, according to

ISB:IN/ H:2015

fiecare specie si corespun
pasului benzii transportoare s-au colectea z 3 probe a
cate 120 g. Pentru a se determina distributia fractiilor
obtinute pentru cele trei reglaje ale masinii, fiecare proba
a fost separata in fractii utilizandu-se Sistemul de sitare
Retsch tip AS 200basic. Dimensiunile ochiului sitelor se
aleg in functie de valorile avansului benzii. Astfel pentru
sitele sistemului de sitare s-au ales dimensiunile: 0,5 mm.
1,6mm, 2mm, 4mm, 6.3mm, 8mm, 10mm. Pentru fiecare
planta timpul de separare a fost de 6 min, iar amplitudinea
vibratiilor sitemului de sitare a fost de 40mm pentru
sunatoare si 60mm pentru coada soricelului.

REZULTATE SI CONCLUZII

Pentru fiecare specie, corespunzator fiecarui avans,
fiecare din cele trei probe a fost introdusa in sistemul de
sitare, obtinandu-se 8 fractii. Acestea au fost cantarite,
calculandu-se media maselor si ponderea.

In tabelul 1 se prezinta distributia sorturilor celor doua
plante tocate. Valorile din tabel reprezinta media celor trei
probe colectate din materialul tocat obtinut pentru fiecare

methodology. reglaj al avansului, conform metodologiei.
Table 1
Distribution of chopped plant sorts
Den. | Lengthof | _ St. Johnoés w Milfoil herb
No. material | Sieve mesh size Sort
advance [mm] Masa Share Mass Share
[mm] [0] [%] (0] [%]
1. - Sort 1 0 8.41 7.01 11.9 9.92
2. 0.5 0.5<Sort 31.20 25.99 30.01 25.01
3. 1.6 l1.6<Sort 3.93 3.27 8.26 6.88
4, 2 2 2<Sort 4 57.55 47.95 44.68 37.23
5. 4 4<Sort 5 13.95 11.62 14.79 12.32
6. 6.3 6<Sort 6 1.55 1.3 2.24 1.87
7 8 8<Sort 7 0.86 0.72 1.73 1.44
8. 10 10<Sort 8 2.57 2.14 6.4 5.33
9. Total 120,02 100 120.01 100
10. - Sort 1 O 7.09 5.91 11.03 9.19
11. 0.5 0,5<Sort 30,1 25.08 29.14 24.27
12. 1.6 1,6<Sort 3.19 2.65 5.01 4.17
13. 4 2 2<Sort 4 8.89 7.41 18.39 15.32
14. 4 4<Sort 5 59,86 49,88 47.68 39.72
15. 6.3 6<Sort 6 1.45 1.21 2.37 1.98
16. 8 8<Sort 7 0.85 0.71 1.86 1.55
17. 10 10<Sort 8 8.58 7.15 4.55 3.8
18. Total 120,01 100 120.03 100
19. - Sort 1 O 1067 8.89 9.71 8.09
20. 0.5 0.5<Sort 28.48 23.73 28.82 24.01
21. 1.6 1.6<Sort 3.37 2.81 8.91 7.42
22. 6.5 2 2<Sort 4 1.31 1.09 4.37 3.64
23. ’ 4 4<Sort 5 8.89 7.41 8.58 7.15
24. 6.3 6<Sort 6 63.12 52.59 51.04 42.53
25. 8 8<Sort 7 1.33 1.11 2.94 2.45
26. 10 10<Sort 8 2.85 2.37 5.64 4.71
27. Total 120,02 100 120.01 100
28. - Sort 1 O 7.02 5.85 11.12 9.26
29. 0.5 0,5<Sort 26.01 21.67 24.48 20.4
30. 1.6 1,6<Sort 2.81 2.34 6.37 5.3
31 8 2 2<Sort 40 1.04 0.87 1.51 1.26
32. 4 4<Sort 5 6.48 5.40 11.62 9.68
33. 6.3 6<Sort 6 1.41 1.17 1.79 1.49
34. 8 8<Sort 7 63.83 53.18 54.99 45.82
35. 10 10<Sort 8 11.42 9.52 8.15 6.79
36. Total 120,02 100 120.03 100

In figures 7,8,9,10 are comparatively presented the sorts
distributions of the two chopped plants, for each
theoretical cutting length for which the adjustment was
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In figurile 7,8,9,10 sunt prezentate comparativ distributiile
sorturilor celor doua plante obtinute prin tocare, pentru
fiecare lungime teoretica de taiere, pentru care s-a facut
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performed. The share of every sort represents the plant
mincing degree.
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Fig. 7- Distribution of chopped plant sorts for an advance of
2mm
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Fig.9 - Distribution of chopped plant sorts for a feeding advance

of 6.5mm

After reducing the herb size of the two medicinal
plants chosen - Milfoil (Achillea millefolium L) and St.
J o h n 6 s(Hypesiaurh perforatum L) it was noticed that
the share appropriate to adjustment of cutting length
(advance length of feeding band) has increased. At the
same time, sort 2 share is high irrespective of the
advance length set. We consider this fact as a
consequence of high temperature (38°C-39°C in the
shadow) recorded during the tests performing, the
medicinal plants humidity being very much reduced, thus
increasing the crushing tendency. Sort 2 share decreases
easily along with increment of theoretical cutting length.

In all the cases analyzed, the share of sort suitable
to length of advance set is of approx. 50%, therefore it
results that the cutting process has been appropriately
achieved.

We should mention that in case of fractions of
medicinal plants constituted in a homogenous mixture, the
distribution mostly differs from seeds or grist distribution
which have a uniform aspect. The sieving system was
used with a higher vibration amplitude for Milfoil, due to
presence of long and thin little hair on stem and leaves,
that hampered the separation process.

In current case, the factors that have influenced the
chopped material quality, were:

- plant morphology

- harvesting method (f r om St John

been harvested from the upper part 1/3 from stem, the

flowers being mostly subject to shaking and
crushinging; Milfoil has been harvested with stem

longer than over 2/3);

- humidity of dried plants subject to chopping and

atmospheric conditions;

-nonuni formity of mat er

feeding, having in view the different sizes of bundles.
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reglajul. Ponderea fiecarui sort reprezinta gradul de
maruntire al plantei.
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Fig. 8 - Distribution of chopped plant sorts for an advance of
4mm
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Fig. 10 - Distribution of chopped plant sorts for a feeding
advance of 8mm

In urma reducerii dimensionale a herbei celor doua
plante medicinale alese - Coada soricelului (Achillea
millefolium L) si Sunatoarea (Hypericum perforatum L) s-a
observat cresterea ponderii sortului corespunzator
reglajului lungimii teoretice de taiere (lungimii de avans a
benzii de alimentare). De asemenea s-a observat ca
ponderea sortului 2 este ridicata indiferent de lungimea de
avans reglata. Consideram acest fapt ca o consecinta a
temperaturile atmosferice foarte ridicate (38°C-39°C la
umbra) inregistrate in perioada efectuarii experimentarilor,
umiditatea plantelor medicinale a scazut foarte mult,
sporind tendinta de sfaramare. Ponderea sortului 2 scade
usor cu cresterea lungimii teoretice de taiere.

In toate cazurile analizate ponderea sortului
corespunzator lungimii avansului reglat este de aprox.
50%, rezulta ca procesul de taiere s-a realizat corect.

Mentionam ca in cazul fractiilor plantelor medicinale
ce se constituie intr-un amestec eterogen, distributia este
mult diferita de cea a semintelor sau macinisurilor, care
au un aspect uniform. Sistemul de sitare a fost utilizat cu
o amplitudine mai mare a vibratiilor la herba de coada
soricelului, datorita prezentei perisorilor lungi si fini de pe
tulpina si frunze, care impiedicau realizarea procesului de
separare.

In cazul de fata factorii care au influentat calitatea
materialului obtinut la tocare au fost:

- morfologia plantei;

- modul de recoltare ( de la sunatoare s-a recoltat
din partea superioara 1/3 din tulpina, florile avand
tendinta de scuturare sfaramare ridicata; coada
soricelului s-a recoltat cu tulpina mai lunga peste 2/3);

- umiditatea plantelor uscate supuse tocarii Si
conditiile atmosferice;

- neuniformitatea grosimii stratului de material la
alimentare, datorita dimensiunilor diferite ale
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(Plants have to be introduced in the machine as they
were dried. Bundles separation determines excessive
crushing and shaking, before chopping).

Following the experimental results obtained when
chopping Milfoil herb (Achillea millefolium L) and St.
J o h n 6 s(Hypeeiaqurh perforatum L) we recommend:

- advance length= 2mm for chopped
vegetal material use in order to obtain
pharmaceutical tablets;

- advance length =4mm and 6.5mm for
chopped vegetal material use in order to obtain
teabags and extracts;

- advance length=8mm for chopped
vegetal material use in order to obtain bulk tea.

Different sorts obtained after chopping are explained
by the utilization of vegetal matter for preparing different
phytotherapeutic products according to Farmacopeea
Romana.
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manunchiurilor. (Plantele trebuie introduse in masina
asa cum au fost uscate. Separarea manunchiurilor
provoaca sfaramarea si scuturarea excesiva, inainte de
tocare).

In urma rezultatelor experimentale obtinute la
tocare a herbei de Coada soricelului (Achillea millefolium L)
si Sunatoarea (Hypericum perforatum L) recomandam:

- lungime avans= 2mm pentru utilizarea
materialului vegetal tocat pentru obtinerea de
comprimate;

- lungime avans=4mm si 6,5mm pentru
utilizarea materialului vegetal tocat pentru ceaiuri
plic si obtinerea de extracte;

- lungime avans=8mm pentru utilizarea
materialului vegetal tocat pentru ceaiuri vrac.

Sorturile diferite obtinute in urma tocarii sunt justificate
de utilizarea materialului vegetal pentru prepararea
diverselor produse fitoterapeutice conf. Farmacopeea
Romana.
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Abstract: The paper presents a numerical method to
determine the inertial characteristics (coordinates of the
mass center, mechanical and geometrical moments and
products of inertia) of a homogeneous arbitrary shaped
plane plate. This method is based on some reduction
theorems presented in published papers. The results are
general and can be applied to a large variety of bodies. In
the final part, two applications are presented, in order to
illustrate the use of the proposed method and the results
are compared with the results obtained by the analytical
method.

Keywords: mass center, moment of inertia, product of
inertia, geometric moment of inertia, homogenous plate.

INTRODUCTION

In reference [5] a calculation method is presented for the
inertial characteristics of some simple bodies, considered
elementary. The method consists in finding discrete
systems of material points, with equivalent inertia
properties.

In references [4, 5, 7], it is shown that for a homogenous
triangular plate, of mass m, an equivalent system can be

found, composed of three points of mass 1_n; placed in the

3m .
corners and one of mass = placed in the mass center.

The reduction of bodies to discrete systems of material
points can simplify calculations, as shown in [2, 5, 6, 8],
since the proposed models have a reduced complexity
and are adequate to processing with spreadsheet
software applications, such as Excel.

In the present paper, the method is extended in order to
determine approximately the inertial characteristics of
arbitrary shaped homogeneous plates.

CALCULATION OF THE INERTIAL QUANTITIES OF A
HOMOGENEOUS, SIMPLY CONNECTED PLATE

First the case of a homogeneous, simply connected,
arbitrary shaped plate is considered, i.e. of a plate without
cavities.

The curved contour of such a plate can be approximated
by a large number of points. It follows that the plate can be
divided into a large number of small triangles, which can
be reduced to discrete material points, according to the
above-mentioned method.

Even though the method is general, a particular case is
considered, of plane plates defined by the points A
(i=1, ) an,the contour, for which a point O exists
inside the plate or on its contour, so that all segments OA
are contained by the surface of the plate (Fig. 9a).

The choice of the point O is not restrictive, but, if the plate
has a symmetry plane, axis or point, the point O should
lay on the symmetry element.

An orthogonal reference system Oxy is considered, with
the origin in the point O chosen according to the above
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INTRODUCERE

in lucrarea [5] est e prezentatt o m
caracteristicilor iner Si al
considerate el ementare. Me
sisteme discrete de puncte
iner Siale echivalente.

Cn referinSele [dL PHBentFlu
triunghiulart omagesnd, paet
sistemul echivalent, compu
m,plasate “n colsurgrn—n,pda'satiu
12 4
centrul de mast.

Reducerea unor corpuri la sisteme discrete de puncte
materiale poate conduce | a
cum se aratt “n [ 2, 5, 6,
o] compl exitate redust K i
programe de calcul tabelar, precum Excel.

In lucrarea de f aSt, met oda est
determinarea aproximati vt
unor pl tci omogene de for mt

CALCULUL MIFIRNEREORLE CN HEA:
PLIFCI I OMO GE N EIMPLU EQNEXE
Se considert, pentr ukc’inc eopr

de formbt arbitrart, simplu
goluri interioare.

Conturul curb al unei astf
printrun numkr mare de puncte.
"mptr Ssubtniumbr mar e d ecare poffil

reduse la sisteme discrete puncte materiale, conform
met odei menSionat e.

Dexki met oda este general t,

plane definite de punctele de pe contur A (i=1, 2,
pentru car e e@,iinsintetiorulpitcii sau pe
contur, astfel incat toate segmentele OA st f i e

de supraffmPa). pl Lci i (

Alegerea punctuluiOnu este restrict
ar e un pl an, o] axt sau u
preferabil ca punctul O s t s e afl e pe
simetrie.

Se considert un sistenDxyda
originea Tn punctul O ales in conformitate cu

Depart ment

ETI S

of

L

|



INTERNATIONAL SYMPOSIUM [SB-IN/ -H: 2015

assumption. presupunerea de mai sus.
In order to determine numerically the approximate values Pentru a determina numeric valorile aproximative ale
of the inertial quantities of the homogeneous plates, the mbtri mil or i nermrSioanioeg eanlee fels
coordinates of the vertices of the rectilinear edges, the se cunoasct coordonatele p
theoretical curve or the coordinates of a large enough drepte, curba teoretict s
number of points on these curves must be known. For the suficient de mare de puncte de pe aceste curbe. Pentru
plates defined only by rectilinear edges, the proposed pl tci avoOnd doar muchii dr
method leads to the exact values of the inertial quantities, la determi narea exactt a mbrim
as shown in reference [7]. pltcii, aka cum se aratt
y A1 y
Air1
Ci A
d
(0]
‘ N
b)
Fig. 91 Arbitrary shaped homogeneous plan plate
The method presented in this paper is more general than Met oda prezentatt “n lucrai
the method in reference [7]. The presence of curved gener al dec ©Ot cea din ref
edges introduces approximations with  precision curbe introduce aproxi mbri
dependent on the number of points used to define the numtr ul de punct e cioimasmudheer
edge. The way in which the reducing of an arbitrary In figura 9b , este arttat mo dul
shaped plate to a discrete system of material points can reducerea unei pl Lci de fo
be made is shown in Figure 9b. Two successive points A puncte material e. D oAukLiA, pda pec
and A, ; on the edges of the plate form, together with point muchiile pl&itcieunftorane a@ blaca
O, define the elementary triangular plate OAA;.1, whose triunghi ul ar ®AAL,l e me ctta rek H
area can be calculated by means of the vector product, calculatt cu ajutorul prodt
— —— dd, . . : d d

DS =[0A OA| =2 ff|F.lsinDn, = rr.,sinbg, (=120, f.=F), (11)
where Dg, represents the angle between position vectors unde Dgr eprezintt unghi ul dei Kn
and £,
If the plate is homogeneous, its superficial density is Dact pl aca este omogent,
constant and has the expression acesteia este constantt ki

m_Dm
r.=—=—— (i=12,...n). 12
-=5=pg (=12-1) (12)

According to the theorem presented in [3], it follows that a Conform teor emei prezentat

homogeneous plate with the masses of the triangular omogent cu masele el ementel
elements

Dm =r DS (13)
can be reduced to a system of material points with the poate fi redust l'a wun sistem de
amg abm, +Dm, § amg abm, +Dm, §

following masses (Fig. 9 b): anl_ZO
(;‘ =

Ag———8 , urmttoarel(fg IMP:s@x-0, Ag——8 »
Q 12 = (;12— (s; 12 -

2 + ~ ) 9 + ~ 230M & o + ~ ) 9 + ~ 23 ~
Azaljnl szg , e,A]aDm“’l Dmn8 ’ ClaDmlg , AZaDml szg , e,AaDmn,1 Dmn8 , C:1aDmlg ’
€ 12 = c 12 = ¢ 4 + c 12 = c 12 = ¢ 4 =+

23 5 a3 ~ 23 5 33 ~
c, 808 ¢ c &G c, 8P 8 ¢ ¢ 4P g
+ ¢ 4 =+ ¢ 4 = ¢ 4 -
The coordinates of the mass centers can be determined Coordonatele centrelor de
from the vector expression expresia vectorialk
d _r+r, d d
e, :r'—;‘” (=12..n, r.=r). (14)
If the positions of the points A; in polar coordinates, i.e. Dact se cunosc pApirzcodgdoriate polane,t
through equations of the form r, =r(q,) (i=12...n), are adict prin ecru=a@) (i=18.en) fatunch
known, then the plate area between two consecutive aria pltciie dophi mpulnct =X K0
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points A, A1 can be approximated by relationship (11)
and the plate can be reduced to a material point, O, with
the mass equal to 1/6 of the whole mass of the body and
two curves: one is defined by the contour of the plate and

the other by the vectors %O_A (fig. 9b).

ISB:IN/ H:2015

apr oxi(lha fartplaca poate &
un @unccu meastee ra @
mast a corpul ui K

a tetveciorii %O_A @ig. 9bp | t

poate fi
redust | a
"ntreaga

conturul

Evi dent , aka cum este artt
Obviously, as shown in [4], if these curves are considered sunt considerate continue, ele sunt neomogene, cu
continuous, they are non-homogeneous, with the linear densitatea |l iniart depennde
density depending on the distances between O and the punctele situate pe contur:
points on the contour:
- Dm _ | rhr, _ 8l/2 for thénnercurve/ pentrucurbainterioak (15)
' Ds 2\/r'2 +r2 - 2rr.,, cosDg, ' }1/6 for theutercurve/ pentrucurbaexterioat..
The position of the center of mass of the plate is Pozi Sia centrului de ma s t
calculated by the vector expression expresia vectorialt
a
d_13an° d N3 r+r,+6 1 d
f=lggDnfgony . g%om e aDm(r )=
m(;i:1 12 i=1 12 i=1 3 - i=1 (16)
. d d. . a d d
:ia r.i l’i+1(ri + ri+1)S|nmi (I 1'2""’n1 r.n+1 = rl)’
68 i=1
where Sis the total area of the plate: incareSeste aria totalt a pl b
S=3 DS =%a r.r,,sinDg; . 7)
i=1 i=1
The expressions of the moments and products of inertia Expresiile momentel or de i
can be determined from the definition relations for discrete relaSiile de defini Si per
systems of material points [3]: materiale [3]:
‘Jx __a I:)"ni[y| +y|+1+(y| +y|+1) ] ‘] ‘.a'.D’n[Xiz-'-Xizﬂ-'-(Xi +Xi+1)2]7 ‘Jz:‘]x+‘]y
(18)

— = = @

12'—1

Substituting elementary masses (13) in relations (18) and
dividing by the density, the formulas of the geometrical
moments and product of inertia are obtained:

IX——ar.r.ﬂQy. +y2, +Y,y.,)sinDg,, |, =

12'—1 12 i=1

— = ——> @

If the edges are rectilinear, the points A are chosen in the
vertices, as shown in [7]. If the plate has curved edges
with high radial variations with respect to O, the points A
should be chosen so that parameters Dg; are low.

If the point A; is chosen at the intersection of the contour
with axis Ox, then g, =0 and

X =rcos,, Y =fsinq,,

CALCULATION OF THE INERTIAL QUANTITIES OF A
HOMOGENEOUS, MULTIPLY CONNECTED PLATE

If the plate is homogeneous, but double connected, i.e. it
contains a cavity, the calculation method can be applied in
t he same manner , by using
Theorem and by considering negative values for the
inertial quantities of the extracted part:

where superscript 1 denotes the complete plate (without
117

ny __a Dn(le Yi +2X|+1y|+1 X Yia +)g+ly|) Jyz =0, sz =0.

Tnlocuind masele elementare (13) in rel a S{(18)! ke

"mptr Sind |l a densitate, se
produsul ui de iner Sie geome

a rl"l'*lQK +)§+1+X|X.+1)S|an
19)

1.0 . .
Iz = Ix + I y = l_za' ri ri-v-l Qriz + rifl + Xixi+1 + yi yi+1)S|nmi ! l xy = _a rl r|+1(2X1 yl + 2X|+1y|+1 + X1 y|+l + X1+1y| )Sme
i=1

249

In cazul muchiilor drepte, punctele A se aleg in varfurile

acestor muchibaka cum a fost demi

pl aca are muchi.i curbe cu

O, atunci punctele A; se aleg astfel incat parametrii Dg, sa

fie mici.

Dact se al eAglea piumtceamudec Si a

Ox atunci g, =0 K i

=30Dq, (i=12..n) (20)
j=1

CALCULUL MIFIRNERBORLE CN HA:

PLICI'l OMOGE NEUCOMEXET

Dact pl aca este omogent, d
prezintkt un gol interior, 1
fi aplicatt “n acel aki mo
teorema | ui Steiner Ki con
mbrimile iner Sirase:ie ale por ¢
15, (21)
unde indicele superior 1 ¢
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cavity), while superscript 2 denotes the cavity.

If the cavity is arbitrary shaped, the approximate inertia
properties will be determined using the above method.

If the plate is multiply connected, i.e. it presents N cavities,
the calculation described at the double connected case is
applied repeatedly.

APPLICATION 1

General relations determined above find an immediate
use for any homogeneous plane plate, if it meets the
mentioned geometric condition, that point O is chosen
inside the plate or on its contour, so that no segment OA
(i= 1, )inkersects any edge of the polygon:

In order to verify the correctness and accuracy of the
proposed method, first an elliptical shaped, homogeneous
pane plate is considered (fig. 10a), with the semiaxes
a=1m and b=2m . The points A (i= 1, ), @n,the
contour, necessary for the approximate calculation (Fig.
10b), are chosen so that the successive radii OA and
OA.4, form the equal angles

1SB:IN/ -H: 2015
(ftrt gol ), iar indlucel e s
Cn cazul “n care golul int
proceda “n aproxi marea pr
metoda de mai sus.
Dact placa este mul ti pNgolug
interioare, se aplict “n
cazul dublu conex.
APLI CASIT A 1
Rel aSiile general e det er mi
utilizare imedi appantpeoge wt,
se respectt condi Sia geome®
st fi al es fcinsaui pe tcanturj astfeliihcat
niciun segment OA (i=1, ), £t nu i nter
muchie a poligonului.
Pentru a veri fica corecti
propuse, se considert mai
de f or mt e. | 10g), t cu csémiaxélé aglm K

b=2m. Punctele de pe contur A (i=1, 2), éecesare

pentru calculul aproximativ (fig. 10b), sunt alese astfel
Tncat razele succesive, OA K iOA.1, s tmezé mtre ele
unghiurile egale

2
Dg, =<2 (22)
n
y
N2NMHTI/IMD - * x
AW
a
a) b)
Fig. 107 An elliptical homogenous plane plate
Analytical formulas are known for this plate [1], Pentru aceastt plach] se cur
S =pab, (23)
_ pap® _pa’b _ _ pabla® +b? _
I = 4’ ly= 4’ L=lo+l, = 4 )’ x=0. (24)
With these formulas, the exact values are obtained: Cu aceste formul e, se obSir
$=6.2832m*, 1,=15708n*, | =6.2832m". (25)
The approximate values obtained with the proposed Val orile aproxi mative obSir
method, as well as the corresponding relative errors are K i erorile relative coresp

shown in Table 2, for several values of the discretization
parameter n.

2, pentru diferite valori ale parametrului de discretizare n .

Table 2
Approximate results for the elliptical plate

n S l, l % | e % | el%l

10 5.6382 1.3839 4.6583 -10.266 -11.899 -25.861

20 6.0998 1.5248 5.7528 -2.918 -2.927 -8.441

50 6.2529 1.5633 6.1924 -0.482 -0.475 -1.445

100 6.2756 1.5689 6.2603 -0.121 -0.119 -0.365

200 6.2813 1.5703 6.2774 -0.03 -0.03 -0.091
APPLICATION 2 APLI CASI A 2
A plate whose inertial properties can be determined In figura 1la este prezentatt o p
exactly is presented in Figure 11a. The points chosen for determina exact propriett$
the approximation are shown in Figure 11 b. pentru aproxi mare ¥lbnt artt

The calculation data are included in Table 3.
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Datele de calcul sunt incluse n tabelul 3.






