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Abstract. Literature review and performed theoretical inigation indicates that it is
environmentally and economically feasible for snaadtl average size farms to use vibrational
thickening method for silage preparation. Howeuie results need to be verified with
experiments.

This research work provides analysis and evaluatioftat surface inertia type vibrator, in
which the excitation force is induced by turning tlnmbalanced mass. Directed action vibrator
was manufactured and tested. Results indicateaidication of inertia directional vibrator for
thickening of finely chopped corn and Jerusaleniclaske stalk mixture, after 40 minutes
thickening, allows to obtain a 114.6 kg®rdensity for both layers, while thickening the fiirs
65 kg mass mixture layer after 10 minutes - a 18@.81° density. Dry material densities
correspond to 61.5 and 106.3 ki mespectively. After examination of fodder qualitywas
determined that corn mixture silage, thickenedHhsyinertia directional vibrator, satisfies high-
grade silage requirements.

Performed tests demonstrated that the effect abtidns on whole body and the measured
noise levels do not have detrimental effect on hurhaalth and the established acceptable
limits are not exceeded while operating the inadifectional vibrator. The vibrator is suitable
for silage preparation since it does not contaminhé fodder with dirt and gasoline products
during operation. The proposed silage preparati@thad provides opportunities to use
ecologically safe containers as well as sectiondlaher types of enclosures.

Keywords: silage, container, inertia directional vibratihickening, density, vibration, noise.

Nomenclature

tg — time required for a production cycle startinghaplant stems chopping, min;
tsn  — duration of plant stems chopping, min;

ty — duration of plant stems chaff loading into cama, min;

ty — duration of lifting up of vibrator, min;

t — duration of plant stems chaff thickening, min;

ts — duration of sealing and pressing grass in aabo@t, min;

t; — duration of technological operation, min;

Ni — efficiency of technological operation, t;h

a — measured standard deviation of acceleratiomev@h &) in i-th frequency band;
Kai  — weighing coefficient in i-th frequency band;

n — number of frequency band;

KVV - acceleration value for i-th work period;
To — foundation work period length, equal to 28866.s
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Introduction

Feeding of cattle with silage is widespreadoair the world. More and more grasses are
used for silage production in Western Europe staléss is confirmed by data on the
percentage of usage of harvested grasses for gitagkiction: in Holland — 9%, in Denmark
— 93%, in Northern Ireland — 9%, in Norway — 79%, etc. [1]. In the process of energy deficit
ensiling of grass forages has been and will costitaube the main way of their preservation. It
is predicted that the production of chopped grdagesin trenches, heaps, containers and bales
would remain in the nearest future. In preparatiésilage its quality depends on the time of
filling trenches and containers and mass pres€imfy caterpillar tractors were used for silage
pressing in Lithuania up to 1990. Later heavy waédiactors K-701, T-150K, average draught
class MTZ and other tractors were started to bd tmethis purpose. In 2001 research on using
low capacity tractors (T-25A, etc.) in pressing ghed grass was carried out [2].

In Lithuanian climatic conditions the production by should be decreased and the
production of silage should be increased [1]. lteorto produce good quality silage a necessary
condition is an adequate pressing of plant maskinganto account the fact that grass mass
surface is unstable, a tractor driver can be injurekilled if a tractor turns over while pressing
the mass [3].

Density is one of the indicators characterizimg pressing of fiber-plant mass. In analyzing
the process of fiber-plant mass thickening the nitgjoof authors follow this assumption:
pressure fluxion by mass density is a functiondifea pressure [4, 5]. This assumption is used
in describing simplified models of grass mass pngsgl]. Individual grass features are
described mathematically by applying idealizedist@mponents of real materials and their
different combinations. Deformation and relaxatafrelements forming a model are described
by differential equations [2, 6, 7].

Recently the Institute of Agricultural Enginesgiat Lithuanian University of Agriculture
(IAE LUA) has been carrying out investigations tethto application of vibratory grass mass
pressing method as an alternative approach to ma&ssing by tractors. So far Lithuanian
farmers have not used this vibratory grass masssimg@ method in practice. However, the
obtained research results will be used to prepacemnmendations for application of these
vibrators for silage pressing in the farms [8-1@].order to evaluate the proposed vibratory
method a detailed analysis of physical charactesisif the pressed mass has to be performed
as the types of used vibrators and their operdtippeameters depend on them. Thus, the
research goal is silage production technology whigssing mass by a vibratory thickener.

It is very important to reduce vibrations andseowhile pressing mass by a vibratory
thickener. The vibrations that are transmitted bgchanical oscillations are harmful to
worker’s health and safety, especially elevatirgldwer back pain and spine traumas [11]. The
damaging vibrations transmitted to the whole baoalginly propagate from support surfaces
(floor, seat, etc.) in the frequency range from ld5to 80 Hz, have certain amplitude and are
usually characterized by acceleration. Operatoiadifstrial machinery mainly suffer from the
whole body vibrations (tractors, excavatamsicks, press and stamp equipmetshould be
noted that many operators are subjected to harwifwhtions through hands or arms from
various vibration sources) [12]. Vibrations areoalsansmitted to persons working in the near
vicinity of vibrating or compacting machinery.

Hearing degradation or even its loss from esiwesexposure to noise is one of the most
prevalent industrial health issues in Europe. Agtizal industry is attached to EU sectors,
where the highest risk to noise exposure was eéskefol. Thus, measurements have to be
obtained not only for vibrations, but also for mgigvhile thickening silage by inertia directional
vibrator. According to European Parliament and Giludirective 2003/10/EB, the noise levels
can be reduced at a work place by taking into cmmation preventive means, work facilities,
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and by choosing work order and methods with spegtifioal to reduced risk at noise source
[13].

The research objectiwd the current study is evaluation of silage pragian in a container
storage technology by means of vibratory thickenapgproach as well as determination of
thickening efficiency, vibration and noise level asarements during silage thickening by
inertia directional vibrator.

Experimental methods
Corn and Jerusalem artichoke stalks chaff thickenig and silage quality estimate method

The trial was carried out in a laboratory standiclwlscheme is indicated in Fig. 1. Corn
and Jerusalem artichoke stalks chaff was thickendtie container storage at the bottom of
which an opening had been made and a sensitiveyreeplate had been fitted. The centrifugal
directed action vibrator with two masses rotatingounter-clockwise directions was used for
grass thickening. The vibrator was rotated by amesronous motor of 1.1 kW, 1500 ritin
Weights of 7.0 kg mass were fitted to rollers ie thbrator, their mass centers were 40 mm
away from the axis. The total mass of this vibratas 125 kg.

The container was filled by chopped silage mass, wibrator installed on the top and
continuously operated for 20-40 minutes. While ¥itgator was working, every 5 minutes the
thicknessh of the mixture was recorded by measuring instrusehhe tests indicated a very
intensive thickening of the mixture sample in thestf10 minutes. Then, in later tests the
thickening period was fixed to 10 minutes and tleght of the mixture layer was measured
every 5 minutes.

The efficiency of mass thickening experiments \geaded according to the change in density
p. Also the amount of dry materials (DM) in the #@oed plant mass was determined and the
density of dry materials calculated. The amoundrgf materials indicates in grams how much
of dry material is in a kilogram of mixture (gRgor (kg t'). The wet mass or DM density is
determined from mass and volume ratio. The plargsswalume in the container was calculated
using measurements by a ruler (accura@y01 m) at four selected points. The plant mass in
the container was determined by scales, havingahge of 0-100 kg, and accuracy+@¥.1 kg.
After two layers of silage mixture was poured ithe container (each layer was of 65 kg corn
and Jerusalem articholstalks mixture) and both layers compressed, tlagesilwas covered
with a plastic film and further compressed using force of the inertia directional vibrator.
After two months, the silage samples were takenthadjuality of the fodder was determined
using standard methods [8].

The average densities of the mixture that weyined during silage preparation in the
trench are given in Table 1. During testing we us®tlistrially established results since in
silage preparation from green vegetal standardy tm qualitative silage parameters are
specified and to achieve the required mass deissitgt determined [1].

Each experiment was repeated at least 3 timesteiteresults were analyzed by statistical
methods, the arithmetic mean and the standard titaviavere calculated and the error was
estimated by selecting Student distribution cogfficwith a probability of 0.95.

To determine silage quality, the samples (3 dakh) were selected from a mixture that was
prepared 2 months in advance. Samples selectetidailage container that were made from
corn and Jerusalem artichoke stalks were takem Hfte grass mass was thickened by two
0.65 m layers. During the tests, the pH contentsuarhof ammonia, acid-milk, vinegar as well
as butter amount and their ratio were determin@agube established standard methods [8].
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Fig. 1. Scheme of grass thickening in container storagegusentrifugal directed action vibrator: 1 —
container storage; 2 — centrifugal directed actitmator; 3 — electrical engine; 4 — weights; Gibration
sensor; 6 — vibrator cover; 7 — electric curreegfrency converter; 8 — tensometer sensor; 9 —peess
measurement device; 10 — vibration measurementelell — mass of thickened plants

Table 1.Silage preparation in the trench [1]

Moisture | Average density (kg i), when mat’g\r/izs%ﬁ d%r;s:/tv);]gz glré e
The sort of silage | content, | silage layer thickness in the tren¢ S (kg m), 9e
o : ayer thickness in the trench is
% iIs2m
2m
Corn silage 82 840 151
Meadow grass 78 845 186
silage
Wilted meadow 50-60 480-810 240-340
grass silage

Method for estimation of vibration effects at working place

The objective of this study is to measure anaintjfy effects of vibration on human body at
a work place. While working in a standing positiiforations are transmitted to the entire body
through the legs, and while in sitting positionhrough the pelvis and spine (acting through x,
y, z axis as illustrated in Fig. 2). When a persofiers from vibration-induced health problems,
the main effects are usually not due to local ailteef peripheral nervous, vascular, muscular
and articular, but from damage to the whole bodyanirsm, in particular, to the central nervous
system [12].

The whole body vibration measurement and arablahemes are provided in Fig. 2.

4

a)
Fig. 2. The directions of acting vibrations on the whol@yatanding (a), sitting (b)
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Method for measurement of noise effects at work ptze

The presented noise study aims at determinatibmoise propagation in the silage
preparation room. For the silage thickening, a cactipg vibratory device is used, where the
operating motor radiates impulse noise and indimpact-type vibrations.

The impulse noise was evaluated by comparingribasured results to the permissible noise
levels that are specified in Lithuanian hygienenmétN 33-1:2003 [13].

Steady noise — noise where levels variationsnarenore then 5 dBA in duration of 25 —
30 minutes, estimated by noise level, or it coukddstimated by noise pressure. Non-steady
noise — noise, where levels variations are more thalBA and are constantly changing,
abruptly discontinue or pulsate. In the residentgatitory, it is estimated by equivalent and
maximum sound level.

Non-steady noise equivalent sound level is stagide bandwidth noise that has he some
average quadratic pressure as the investigatedteady noise in a certain time interval.

Noise level was measured by Briel&Kjeer sound me260 [9]. The relational
measurement error 1.5 %. The noise frequency spectra were measurdheirfrequency
range of 31.5 — 8000 Hz.

Noise measurements were performed during dag tirth the doors of the silage facility
closed. Eight measurement locations were seledibdse locations were selected to most
effectively capture noise propagation in the fagilil m, 2m, 3m, 4m, 5m, 6 m and 7m
distance from the container and at 1.5 m distarm® the floor). Noise level was fixed inside
the facility for the purpose to estimate noise jiggtion at distances from the container.

Results

Results from corn and Jerusalem artichoke mass thkening experiments

Plant mixture thickening changes due to differdnitkening time periods whilst using the
inertia directional vibrator are presented in Tahle

The first 65 kg mixture layer corresponds to 10 utéis thickening period and the second
additional 65 kg layer corresponds to a repeatedmBtutes thickening. After 40 minutes
thickening, a 114.6 kg thdensity was obtained for both layers, while thitke the first 65 kg
mass mixture layer after 10 minutes a 197.9 Ktemsity was achieved. Dry material densities
correspond to 61.5 and 106.3 k¢ nespectively.

For this test, the resulting silage density washhilj was influenced by a thin layer of
compacted mass, low moisture content of plantsn(sbems — 58.8:, Jerusalem artichoke
stems — 50.4%), and plant stems chaff was not very small (chdpgiems length 15-25 mm).

Although this testing revealed a relatively low saensity, the chopping quality of corn and
Jerusalem artichoke was high, as well as corn ithdtides well-ensilaging plant species,
sufficiently high quality feed was obtained.

While assessing the experimental technology of gnagfon of corn and Jerusalem artichoke
silage in a container storage using vibratory thigkg approach, the attention was focused on
plant stems chopping, loading into the containet tickening with the vibratory mechanism
(harvesting and transporting operations were natyaed). This technology was assessed in
terms of three parameters: time required to perfeach operation and the complete production
cycle, production efficiency, and the feed quality.

Timety required for a production cycle starting with glatems chopping is equal to:

ty=tm+ o+ L+ + 1, Q)
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where:  tg,— duration of plant stems chopping, min;
t, — duration of plant stems chaff loading into camtg, min;
t, — duration of lifting up of the vibrator, min;
ty — duration of plant stems chaff thickening, min;
ts — duration of sealing and pressing grass in aagogt, min.

Table 2 Test data of corn and Jerusalem artichstiadks mixture thickening in a container store with
the inertia directional vibrator

Thickness_ of plant mass I{ayer in Plant mixture density, kg h
Test Thickening time periods, min a container, mm (cor.wtalner
Ne measurements: .
0.75¢1.22¢0.95 m) Wet masg Dry materials
First plant layer mass (65 kg)
1. Bulk plant mass 507+ 8 125.3 67.3
2. \F/’i'k;"‘r”;tg:ass after placing the 397+ 11 155.4 83.5
3. After 5 min. vibrator work 312+ 29 191.0 102.5
4. After 10 min. vibrator work 299+ 30 197.9 106.3
Second plant layer mass (65 kg); Common plant lmgss (130 kg)
5 Bulk plant mass 801+ 14 82.5 44.3
6 \Ij’ilk;atrnattgr\ass after placing the 695+ 21 041 50.5
7. After 5 min. vibrator work 615+ 25 105.2 56.5
8 After 10 min. vibrator work 595+ 29 108.5 58.2
9. After 15 min. vibrator work 582+ 38 110.6 59.4
10. After 20 min. vibrator work 574+ 40 112.0 60.2
11 After 25 min. vibrator work 569+ 41 112.9 60.6
12. After 30 min. vibrator work 560+ 44 114.6 61.5

Technological indicators of plant stems chaff tliciag are given in Table 3. Depending on
consistency and parallelism of technological openat 19-40 min are needed to perform a
production cycle with a full container (150 kg dfadf). At adequate planning and distribution
of operations a silage production cycle (withowtrplharvesting and transporting operations)
can be shortened down to 9-26 min, i.e., down ¢adkal time of carrying out vibrator, lifting it
up and lowering down, and chaff thickening opersgio

The efficiency of a production cycle was limited ayechnological operation of the lowest
efficiency. In this case it was grass thickenin@4-0.9 t i (Table 3).

Table 3.Technological indicators of thickening of chaffuilbratory plant stems

Technological operations
Technological plant | CNa | Viprator l
indicators stems Ioia:]ct:lgng lifting up thic(.‘:kt]eif}rn Chaff sealing and pressi %rogggqtiglr?tce old
chopping containe and down 9 Y
Duration of
technological 7-10 3-5 4-5 5-20 5-10 19-40
operatior;, min
Efficiency of
technological 1-1.5 2-3 0.4-0.9 - -
operationN;, t hi*

616

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING DECEMBER2010.VOLUME 12,1SSUE4. ISSN1392-8716



599.VIBRATION AND NOISE MEASUREMENTS DURING SILAGE THICENING WITH INERTIA DIRECTIONAL VIBRATOR
A. JASINSKAS Y, E. SARAUSKIS &, V. BUTKUS ¢, E. JOTAUTIENE %, A. MIELDAZYS %, G. VISELGA?

Note in the column ofDuration of technological operatior(line two) the time was
registered when the operation was carried out ¥8(h kg of chaff

Vibration measurement results at the work place

Experiments were performed in order to determioeugately the effects of vibrations on
workers from the inertia directional vibrator whitldckening silage. One set of vibrations were
measured at work place at 1 meter from the opegratijuipment. Two sets of experiments were
performed to measure noise at work place: (1) t@oraithout cover, (2) vibrator with a cover;
the measurements were taken in a facility witldatirs closed and at distances: 1-8 m.

The results of measured vibrations in our expeninage given in Table 4.

Table 4. The protocol of whole body vibration action

=
i)
§ Vibration acceleration values of 1/3 octave bands?
=N
B>
&5 10 [125| 16| 20 25 31§ 4, 50 6|3 80 0 13256 |120 25 [ 315 40 50 63 80
The measured vibration acceleration values of tf8we bands,, m s?
| 3 | 3 | 4 | 6 | 7| 9| 14| 18| 30| 6| 5| 5| 9| 4 l|3 ]Jl il |9 |7 6
Weighing coefficients of the frequency bantg) and axes
Z (05 ]0,5€¢ (063 | 0,71 0,8 0,9 1j01,0 1,0 1,0 0,8| 0,63 0,9 0, 0,32 0,26,2 | 0,16 [ 0,12% 0,1
X
Y |10] 10| 08| 06| 05 04 03]5025/016 |025| 02| 016 0,1p50,1 | 0,08 |0,063| 0,05| 0,04| 0,03R,025
Calculated vibration accelerations of the frequelnayds § = a Ka)
15 | 168 | 2,52 4,26 5,4 8, 14,0 180 3Q,0 ,0 13015 4,5 1,6[ 409% 2,7p 2, 1,44 0875 0,6
3,0 3,0 3,2| 3,78 3,9 3,6 4,41 45 4|8 1,5 .0 ,&8,123 0,4 | 1,04 | 0,6980,55 | 0,36 | 0,221 0,15

According to obtained results we calculated that:

)

where: a — measured standard deviation of acceleratiamev@h &) in i-th frequency band;
Kai — weighing coefficient in i-th frequency band,;
n — number of frequency band.

Estimating at the work place the whole body vilmattimeT; = 1200, the KVV quality was
calculated:

o [ 1200

KVV = a, 0" 64-10°*, ©)

where: KVV — acceleration value for i-th work period;
To — foundation work period length, equal to 2880Q sec
Vibration norms according to requirements [12]:
1. The whole body daily vibration exposure limitlwe calculated for eight hour work period
should not exceed 1.15 i er active vibration doze value should not excekan2s' ">
2. The whole body daily vibration exposure valoestart activities based on eight hour work
period should not exceed 0.5 thas active vibration doze value should not exceddn®s* ">
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Since the obtained KVV value is significantly lowtean the required limit, we conclude that
usage of this type of vibration equipment do natgany problems to the operator.

Noise measurements results at the work place

We measured noise levels for equipment operatittyavcover and without cover. Before the
measurements were taken, the characteristics afe naiere determined according to the
methodology described above.

The equivalent noise level dependence on frequésiayiven. The measured results are
presented in octave bands at different frequen€ielfowing the hygiene norm HN 33-1:2003,
the acceptable equivalent noise should be 85 dBRA [he results presented in Fig. 3 indicate
that at work place the equivalent noise level doatsexceed the acceptable levels provided in
hygiene norm HN 33-1:2003, except near the 200@\Vézage geometrical frequency.

115

110 —\
105
£ 100 \.\
2 95
E s\
5 20 \ == Determined
E 75 \ —@—Acceptable
E R \
65 \
60 \\

55

31,5 63 125 250 500 1000 2000 4000 8000

Average geometrical frequency, Hz

Fig. 3. Equivalent noise level propagation frequency cttaréstics at work place when the vibrator is
without cover

After measuring the noise levels at different tawss in the work area (at the same distances
as before), it was decided to take the averag@edts A that is equal at 80 Hz. This type of
measurements was obtain second time, except thizsdatme the noise level was measured for
vibrating equipment covered with a special safetyec (Fig. 4).

After completion of the experiment it became clémat the noise levels at this facility do not
exceed the acceptable limit and do not cause aalyhhgroblems to the workers.

Fig. 4. Equivalent noise level propagation frequency attaréstics at work place when the vibrator is
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Evaluation of silage preparation technology from v@wpoint of community safety

Our tests demonstrated that application of inetitiactional vibrator is appropriate for silage
thickening in a container. This thickening approagliminates the need use traditional
thickening with a tractor that contaminates thesgravith dirt and gasoline products. The
proposed silage preparation method provides on rbppity to use environmentally safe
containers as well as sectional and other typesnofosures. In addition, working with the
inertia directional vibrator does not have a negatffect on person’s health. The experiments
confirmed that vibration and noise levels do nate®d the permissible limits.

Conclusions

1. After literature review and completion of thetiral investigation, it can be stated that it is
environmentally and economically feasible for snaadtl average size farms to use vibrational
thickening method for silage preparation. Howeuie results need to be verified with
experiments.

2. Results indicate that application of inertiaediional vibrator for thickening of finely
chopped corn and Jerusalem artichoke stalk mixtafter 40 minutes thickening, allows to
obtain a 114.6 kg thdensity for both layers, while thickening the i85 kg mass mixture
layer after 10 minutes - a 197.9 kg*density. Dry material densities correspond respelstito
61.5 and 106.3 kg th

3. After examination of fodder quality it was deténed that corn mixture silage, thickened
by the inertia directional vibrator, satisfies higtade silage requirements.

4. Performed tests demonstrated that the effectilmhtions on the whole body and the
measured noise levels do not have detrimental teiachuman health and the established
acceptable limits are not exceeded while operdtiegnertia directional vibrator.

5. The vibrator is suitable for silage preparatarce it does not contaminate the fodder with
dirt and gasoline products during operation. Theppsed silage preparation method provides
opportunities to use ecologically safe containesswall as sectional and other types of
enclosures.
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