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ENSILAGING OF BEET PULP WITH THE USE OF WRAPPING PR ESS
Summary

The work determines the economic and material mpaturred during ensiling of beet root pulp in foem of cylindrical
bales with different "binding" methods, by net oit &ind various number of utilized film layers chgiwrapping and de-
scribed as: TSW, TSA and TP. A computational algarivas developed that allowed to determine therasn for which
the following was assumed: fuel consumption, labputs and costs related to the unitary dry matteensiled pulp at the
actual humidity and calculated to dry matter of ébstance. In addition, a cost structure was dged, shared into the
costs of: machinery and equipment, fuels, labor anxiliary materials. The analysis of total unitacgsts shows that in
TSW and TSA technologies the costs are equal appately. PLN 110 PLNMg d.m™, while TP technology is equal PLN
87.80-Mg d.m?, and therefore they are smaller by 20%. The stmecbf costs has the largest share in costs occufoe
auxiliary materials, which range from about 74.00NPMg d.m?, in variants TSW and TSA up to 51.30 A} d.m>in
TP, which is equal approximately to 67 and 52%otéltcosts. The share of costs of machinery andpetent utilized is
also significant, and amounts to 30 PMg d.m?, which is equal to 27.5% in TSW and TSA technetognd 35% in TP
technology.
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ZAKISZANIE WYSLODKOW BURACZANYCH Z ZASTOSOWANIEM PR ASOOWIJARKI
Streszczenie

W pracy zostaly okstone naktady ekonomiczne oraz materiatowe ponospmmg zakiszaniu wystodkéw burczanych
w formie bel cylindrycznych przy Zrécowanych sposobach ,wzania” siatkg lub folig oraz r&nej liczbie naléonych
warstw folii podczas owijania oznaczonych jako WTSSA i TP. Opracowano algorytm obliczeniowy, igozwolit na
wyznaczenie wskaikéw kryterialnych, za ktére przyp: zwycie paliwa, naktady robocizny oraz koszty odniesido jed-
nostki masy zakiszanych wystodkéw przy rzeczywistgptnaici i w przeliczeniu na massuchej substancji. Ponadto
opracowano strukturkosztéw z podziatlem na koszty: maszynddre, paliwa, robocizny oraz materialtéw pomocniczych.
Z analizy catkowitych kosztéw jednostkowych wynikay technologii TSW i TSA kosztyzblizone na poziomie ok. 110
PLN-Mgs ., zaf w technologii TP wynog27,80 PLNMg; ", a zatem g0 20% mniejsze. W strukturze kosztow najsay
udziat maj koszty ponoszone na materiaty pomocnicze, ktégezta sie w zakresie od ok. 74 PEMgs %, w wariantach
TSW i TSA do 51,30 PEMgs > w TP, co stanowi odpowiednio ok. 67 i 52% kosziélkowitych. Znaczy jest te udziat
kosztéw zastosowanych maszyn ideei ktéry wynosi ok. 30 PL:NIgs %, co stanowi 27,5% w technologiach TSW i TSA
i 35% w technologii TP.

Stowa kluczowetechnologie, wystodki buraczane, koszty, matgemocnicze

1. Introduction sion of the conveyor of the machine hopper. Initfigal

phase of the bale formation, the belt conveyorthefwind-

Beet pulp is produced as a by-product during pctdo
of sugar beeing a valuable feed in the nutritioalofost all
groups of farm animals [1, 12, 15]. However, it mbs
properly preserved by drying or much cheaper esilB,
9, 12]. The ensilaging of the pulp, like other $aniplant
materials, can take place in passage silos oriplaags [2,
3, 8, 9]. The latest method consists in ensilingyilndrical
bales wrapped with self-adhesive foil using statignbal-
ers [4, 5, 6, 8,9, 11, 13, 14]. The basic unitshef classic
stationary wrapping machine are: the press and pimgp
machine together with the conveyor system (Fig. 1).

ing chamber are arranged in a V-shaped relationsitip
each other. During the material supply, the pasitig of
these parts of the conveyors relative to the aflthe wind-
ing chamber occurs. The density of the materiathe
formed bale is obtained as a result of the intevaatf four
sets of double springs connected to the tensidersodf the
front conveyor and the rear part of the bale chambe

The formed bale is wrapped by "binding" still inet
press with a polyethylene net or foil (Fig. 2).

Displacement of the formed bale onto the wrappaig

On the MP 2000 Compactor machine, the main workingple takes place after opening the rear hatch atwoireatic

unit consists of driven smooth steel rollers and won-
veyor belts forming the bale chamber. The chamioer c
sists of two parts - the front and the back [11eTworking
chamber is supplied with material through a charael
cated in its upper part. The material to be pressesiip-
plied to this channel by a conveyor constituting #xten-
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switching on the chain-slat conveyor. The rotatialle of
the wrapping machine consists of driven rollerspsupng
two conveyor belts. As can be seen in practids,possible
to use a different method of binding the bales gisimet or
film and a different number of layers of the apglieim

during wrapping bales with foil.
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Source Zrédto: www:orkel.no

Fig. 1. Press wrapper Orkel MP2000 Compactor —mgémenstruction: 1 - hopper, 2 - inclined convey®r press cham-

ber, 4 - foil wrapper

Rys. 1. Prasoowijarka Orkel MP2000 Compactor — agdbudowa: 1 - kosz zasypowy, 2 - przaiopochyly, 3 - komora

zwijania 4 - owijarka

k 1
Source Zrédlo: KMRIL material

Fig. 2. Wrapped bale: a) net John Deere CoverHugeijl Baletite
Rys. 2. Zwjzana bela: a) siatkJohn Deere CoverEdge, b) fpBaletite

The purpose of the work was to determine unitgrgre
ating expenditures and costs incurred with diffekamiants
of "binding" and wrapping of beet pulp. In orderachieve
the purpose of the work, operational and enerdgetits of
the baling and wrapping process as well as theisecl
transport in production conditions at the Werbkav&ugar
Plant were carried out.

2. Material and methodes

1.20 m, a Orkel MP2000 Compactor stationary vacbaim
ing machine was used, whose charging hopper islisdpp
directly from the pulp conveyor transporting pulp the
sugar factory (Fig. 3a, 3b).

The drive of working teams was carried out witle th
participation of a 55 kW electric motor. The congsed
bales were "net bound" and then wrapped with self-
adhesive foil with a thickness of 0.025 mm. Thesort
of bales wrapped with foil to the place of storémek place
using a JCB 530-60 telescopic loader equipped witty-

Three variants of pressing and bales wrapping weréndrical bale handler (Fig. 3c, 3d).

considered:
« technology used in the Werbkowice Sugar Mill intb

ing" bales with a net, and then wrapping with af-sel

adhesive foil - defined as TSW,

« alternative technology - "binding" bales with kant foil,
then wrapping with self-adhesive foil - TSA,

« technology similar to the previous one, that'Ending"
the bales with a thin foil, and then wrapping waghplying
a smaller number of TP film layers than in the T\&#iant.
In the production conditions for pressing and wiagpy-
lindrical bales with a diameter of 1.15 m and agténof

Jarostaw CHLEBOWSKI, Tomasz NOWAKOWSKI, Jan BARWICKI,
Stanistaw GACH, Monika JAREMCZUK

39

As part of the research, detailed timekeeping h&f t
work cycle was carried out - pressing, wrappingywa as
auxiliary operations of work of the loader for @ogans-
portation distance of bales in accordance with daess
BN-76 / 9195-01 and BN-77 / 9195-02. In additidre fol-
lowing measurements were made: net wear, foil wiget,
and electricity consumption, as well as the nundfdrales
produced during twelve-hours working cycle. Thel ften-
sumption of the bale loader was determined usiegfaH
tank method and the energy consumption was basdideon
energy measurement using electric meters.

,Journal of Research and Applications in Agricultural Engineering” 2018, Vol. 63(4)



Source Zrédto: KMRIL materials

Fig. 3. Machines used in the process of beet paipt@nance: a), b) press wrapper; c), d) loader 38B60
Rys. 3. Maszyny stosowane w procesie konserwadpdiypw buraczanych: a), b) prasoowijarka; c¢),atjdwarka JCB 530-60

The tests showed that the working cycle time wask
on average to 110 s. The pressing time as thediléind
compaction time in the press chamber lasted oragect6
s. The bale wrapping time lasted on average 35dswas
equal to about half the pressing time. The workiggle
complements the time of transporting the bale &whap-
ping table. At the machine settings adjusted byoterator,
from one of the roller net, 126 bales were wrappedver-
age. Twelve grid rolls were used on average overetve-
hour shift. In turn, 19 bales were wrapped on aolé af
film. The average number of bales wrapped in orif¢ whs

Knowing the length and width of the net or filrhetdi-

ameter of the wrapped bale and the number of bales

wrapped with one net or film roll, using the depenck (1),
we can determine the number of overlapping layers.
Wrapping cylindrical bales with the use of a wrapp
both with a movable table and with a rotating aconsists
in applying subsequent strips of foil, while maintag the
appropriate overlap (c) (Fig. 4). The value of thverlap is
determined by kinematic considerations, or moreipety
the value of the bale displacement over the cirenerfce
of the bale rotation on the table of the wrappether arm

327 pieces. The bale wrapper was powered by artrielec on which the foil roll is attached. The use of fifor wrap-

motor with a rated power of 55 kW and during thitsty-
cle it took energy of about 10.25 kW on average.

The last test parameter referred to the fuel copsion
of a JCB loader equipped with a bale loader anaspart-
ing the wrapped bales to the storage place. Theld@der
on average consumed 40 liters of diesel fuel, wiyistes

ping a single cylindrical bale is determined by tlepend-
ence [2]:

Z =

cpb

a7 OD O(D + L) Oi @

approx. 3.3 drhof fuel per hour. To determine the con- where:

sumption of auxiliary materials for binding and wpéng a
single cylindrical bale next to the results of $esarried out
under operating conditions, the following theoraticela-
tions were used. Utilization of the net or film wrap the
"binding" of the bale in the press chamber is deteed by
the following relationship:

Z, ., =D B0 (1)

where:

Z.¢— surface wear of a net or foil2m

D — diameter of the bale, m,

s — width of the net or foil, m,

i — the number of net or film layers applied,
n — the number of wrapped bales.
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Zqpn— consumption of net on a bale?,m
D — diameter of the bale,m,

L — diameter of the bale,, m,

i — number of applied foil layers.

It can be seen that the consumption of film onake b
does not depend on its width. However, when usingdar
film, i.e. 0.75 m instead of 0.50 m, the wrappingurs at a
smaller number of table or roller rotations, whiafiects
the efficiency of wrapping. Similarly as before,okving
the dimensions of the film in the roll and the dime®ns of
the wrapped bales from one roll of film, using tieéation-
ship (2), we can determine the number of overlagpay-
ers.
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Fig. 4. Wrapping the bale with a foil: a - bale pping scheme: D-bale diameter, L-bale length, ciwalf the overlap,
b-width of the film, b - wrapping the bale with Sar®rass and rollers mounted on two arms

Rys. 4. Owijanie beli fali a) schemat owijania beli: D srednica beli, L - dtugé’ beli, ¢ - wart@¢ zaktadki, b - szeroké
folii; b) owijanie beli foli SuperGrass z rolek zamocowanych na dwdch ramionach

Then, taking into account the volume of the bale e
density of the compressed material, the dependendée
film consumption with respect to the unitary massob-
tained:

4 1 1

Z =—I[—+—= 3

om =, EGL D) (3)
where:
Zcpm - foil consumption in relation to a unitary ssebased
on the weight of the dry matter substancé; kg™ d.m.,
vc - density of forage (based on the weight of dtter
substance) in a cylindrical bale, t d.m>m

using the developed computer program [9]. At thmesa
time, elements resulting from methodological stadit0]
and own research and theoretical analyzes cartiedtdahe
Department of Agricultural and Forestry Machines328]
were used. For calculations value of dry mattert&anof
beet pulp was taken as equal to 25%.

The prices of fuel and auxiliary materials wer@ateéd
in accordance with the regulations in the last tpraof
2016. Other technical and operational values aedefur
the calculation are: the purchase price of machielestric-
ity consumption by the bale wrapper, the minimumveo
demand, diesel oil consumption by the loader. Babgpper
Orkel MP 2000 Compactor with a value of PLN 960000,
powered by an induction motor with a rated power of

These dependencies were verified by comparing the5 kW, consumed on average 0.85 kW per hour. T J

value of foil consumption from theoretical calcigats with
the results obtained from experimental research thed
relative error rate was only 2.2%, which allows tlee of
theoretical relationships for analyzes and the inbthre-
sults are adequate to those obtained in real gondif7 ].
The following criteria were adopted to assesatiéh-
ods of ensilaging of beet pulp:
« value of fuel consumption: divig™, dn-Mg ¢.m %,
« value of labor inputrbhMg™, rbhMg ¢ 2
« value of operating costs of machinery and equigme
used: PLN Mg™, PLN-Mggm ™.
Calculations of unitary operating expenditures eosks
occurred in individual technologies of beet pulprevenade

loader, worth PLN 210000, equipped with a bale évad
with value PLN 3,000, consumed about 3.3 litersliekel
per hour.

3. Results of calculations and their analysis

Consumption of auxiliary materials, i.e. net aral f
within a twelve-hour duty cycle, are average valugale
wrapper Orkel MP2000 Compactor with one John Deere
CoverEdge net produces 126 bales. The technicahpar
ters of the net used in the tests as well as thenpeters of
the alternatively used film are included in Table 1

Table 1. Technical parameters and quantitativeemotiomic indicators of auxiliary materials
Tab. 1. Parametry techniczne oraz wsikki ilosciowe i ekonomiczne materiatéw pomocniczych

The technological variant
Specification Unit of measure TSW TSA TP
Net John Deere CoverEdge| Folia Baletite | Folia Baletite

Length m 3800 2400 2400
Width m 1.30 1.28 1.28
Thickness pm - 13 13
Price PLN-m? 0.15 0.20 0.20
Surface wear on a bale m° 39.52 30.72 30.72
The cost of bale binding PLN 5.93 6.14 6.14
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By converting the dependence (1), you can spehidy
number of layers of a net or film in one wrappetebahe
calculations show that the CoverEdge bale is wrdpsing
almost 9 layers of net (exactly 8.4) in TSW tecloggl
while replacing the net with a Baletite wide fdhe calcu-
lations indicate nearly 7 layers (exactly 6.7) T8A and
TP technologies. From one roll of net, about 12Bdbaf
pulp are wrapped, and about 100 bales when usihgAf®
can be seen from the data in Table 2, for wrappiagheed
more net than the foil, but at the same time thigapnnet
price is smaller than the foil, which makes thetaisind-
ing of one foil to only slightly larger amount théime net
price - PLN 5.93 and PLN 6.14 respectively.

Table 2 lists the technical parameters as wetjusnti-
tative and economic indicators of the wrapping ffmt
bales. When wrapping bales in production conditianthe
sugar factory in Werbkowice, on average one rolodp-
ping foil produces 19 bales. Using the previouggcified
dependence (2) on usage of the foil for one bdter ¢he
transformations, the number of foil layers appltedeach
other when wrapping the bale was calculated. Assults
from tests and calculations in TSW and TSA techgglo
the same number of layers of the applied foil wagaé to
7. TP technology is an economical technology asdmags
4 layers of wrapping foil. This is the minimum nuentof
layers needed to wrap the bale so that the engilageeds
correctly and the shape of the bale is proper.

Table 2. Technical parameters and quantitative ecat
nomic indicators of the wrapping foil for bales

Tab. 2. Parametry techniczne oraz wakki ilosciowe
i ekonomiczne folii do owijania bel

. The technological
L Unit .
Specification of measure variant
TSW | TSA | TP
Length m 1500
Width m 0.75
Thickness um 25
Price PLN-m* 0.28
Surface wear on a m 59.2 592 | 341
bale
The cost of bale PLN 16.60 | 16.60 | 9.50
binding

Source: own work Zrédto: opracowanie wiasne

Fig. 5. Unitary costs for unit of dry matter of thebstance

12C

TP technology compared to TSW and TSA is character
ized by the lowest costs associated with wrappieghktale
with a foil. Reducing the number of layers when pwiag
bales brings great savings. Despite the smallerbeurof
layers of wrapping foil, the hermeticity of the dakill be
preserved. As above calculated 7 layers of Baletite
foil with a thickness of 13m is equal to 3 layers of 26m
SuperGrass wrapping foil. As a result, it giveoltof 7
layers of foil on the perimeter of the bale, solthée is suf-
ficiently protected against air access. On theaserfof flat
bales, the layers intersect many times, thereftse the
bale is adequately protected against air access.

The unitary cost values for dry matter weight sinewn
in Fig. 5. As can be seen, the total costs initlsé tivo vari-
ants are almost the same: about PLN 1@ d.m:*, which
results not only from the same number of imposéddyg-
ers for wrapping, but also from the same net caststhin
foil for "binding" bales. However the consumptiof foil
and net for bales is not identical, but it balanites differ-
ential price of auxiliary materials. TP technologguires
cost of PLN 87.80 Mg d.m*, and therefore it is smaller
by 20%. As can be seen on Fig. 5, the differendevdsn
TSW, TSA and TP resulting from the varied use o&pvr
ping foil is significant. Reducing the number ofl flayers
reduces the total unitary cost by 20% comparetie¢aech-
nologies normally used. This is a huge saving grealy
basis. With 30000 bales wrapped during the sugar-ca
paign, this gives over PLN 200,000 in savings. Rety
the number of foil layers would also reduce theetiof
wrapping, thereby increasing the number of balespped
in a 12-hour shift. In addition, the number of lsaterapped
in one roll of foil would increase - what was thesence of
the introduction of TP technology.

The calculations show that the costs used forliauyi
materials in the TSW and TSA variants amount to ap-
proximately 74 PLN-Mg d.m:*, which is approximately.
67% of total costs and 51.30 PLN Mgs.thin the TP op-
tion, accounting for 52% of total costs.

The share of costs of machinery and equipment issed
also significant, amounting to 30 PLNWg d.m:*, which is
27.5% in TSW and TSA technologies and 35% in Th-tec
nology.

Fuel costs amounting to 1.4 PLN Mg dnand costs
for labor 4,4 PLN‘Mg d.m:* are significantly smaller than
the costs of auxiliary materials and machines aadeha
negligible share in the structure of total cosig.(b).

100 1

@
o

[=2]
o

Costs PLN d.m:t

N
o

20 1

m Costs of auxiliary
materials

O Labor costs

m Fuel costs

m Machinery and
equipment costs

Source: own work Zrédto: opracowanie wiasne

Rys. 5. Koszty jednostkowe w odniesieniu do jekinmsthej masy substanciji
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4. Conclusions

1. The analysis of total unitary costs shows that W
and TSA technologies the costs are approximatpaleto
110 PLN-Mg d.m:* Whlle in TP technology they amount
to 87.80 PLN Mg d. m ! and they are smaller by 20% .

2. Auxiliary costs of materials are approximatety the

range from 74 PLNMg d.m.-1 and have the largest share

in the cost structure., in variants TSW and TSAPLN
51.30-Mg d.m* in TP, which is approximately 67% and
52% respectively of the total costs.

3. The share in the structure of total costs ofrtfaehines
and equipment used is also significant, which isaé@p-
proximately to PLN 30 Mg d.rif, what makes 27.5% in
technologies TSW and TSA and 35% in TP technology.
4. The share of other components of unitary castergy
and labor) is negligible and does not exceed 5%.

5. The proposed TP variant characterized by a lowen-
ber of applied foil layers during wrapping seemd#®ra-
tional, as it is significantly cheaper, and takintp account
the total production of bales during a sugar cagpanay
lead to the reduction in costs and thus to incr@apeofit.
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