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ANALYSIS OF THE POSSIBILITIES OF ADAPTING THE MANUR E SPREADER FOR
SUBSOIL APPLICATION OF DEHYDRATED DIGESTATE

Summary

The possibilities of adapting the manure spreadethe soil application of dehydrated digestate presented. Based on
the analysis, a virtual model of the device coimgisbf a modernized manure spreader and aggregditiharrow was de-
veloped. Based on the virtual model, computationatiels were developed and strength analyses wereec¢aut. The
conclusion is that modernized manure spreadergims$ of functionality and strength, can work witlisc harrow, which
mixes the scattered digestate with the soil. Thekw@s carried out at the Industrial Institute ofiicultural Engineering

as part of the BIOSTRATEG 1/269056/NCBR/2015 ptrojec
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ANALIZA MO ZLIWO SCI PRZYSTOSOWANIA ROZRZUTNIKA OBORNIKA
DO DOGLEBOWEJ APLIKACJI ODWODNIONEGO POFERMENTU

Streszc

zenie

Przedstawiono mitiwosci przystosowania rozrzutnika obornika do dogleboamikacji odwodnionego pofermentu. Na

podstawie analizy opracowano wirtualny modelggizenia s
i zagregowanej z nim brony talerzowej. Na podstawaslelu

ktadajcego st ze zmodernizowanego rozrzutnika obornika
wirtualnego opracowano modele obliczenioweeprowa-

dzono analizy wytrzymaloiowe. Stwierdzona@ge zmodernizowany rozrzutnik obornika, pod wdein funkcjonalnym i wy-

trzymalagciowym, mee wspotpracowa z brory talerzowy, ktoé

ra miesza z glebrozrzucony poferment. Prace przeprowa-

dzono w Przemystowym Instytucie Maszyn Rolniczyebamaniu w ramach projektu BIOSTRATEG 1/269056RIC&15.

Stowa kluczowe poferment, aplikacja doglebowa, rozrzutn
niowy

1. Introduction

Digestate (post-fermentation pulp) is a by-produt-
duced during the production of biogas from orgasub-
strates (natural fertilizers, vegetable biomassptoducts
of agri-food industry) in agricultural biogas planDue to
its properties it can be successfully used as aabé and
cheap fertilizer combining the positive featuresnatural
fertilizers (source of organic matter) and min€salurce of
macro- and micronutrients in mineral forms) [2]daits
quality depends on the input in biogas plant [1]liguid
digestate with a low content of dry matter (4-7%j @ rel-
atively low concentration of nutrients as well asadid and
liquid fraction of digestate subject to separatiorsepara-
tion [1] can be used as a fertilizer. The need gost-
fermentation treatment results mainly from the ntede-
duce the space necessary for its storage [1]hleupdssibil-
ity of obtaining a solid fraction with a higher a@mntration
of nutrients is no less important. Non-separategestate
(post-fermentation pulp) resembles slurry with asis-
tency, and the solid fraction of digestate aftehydization
as a result of separation, containing a maximunahufut
30% of dry matter, resembles fresh compost. Howeter
liquid post-separation fraction of digestate camtdess dry
matter (2.5-4.5%) than pulp and can be used atidertor
reintroduced into the post-digestion chamber ofhimgas
plant to dilute the charge.

The liquid digestate, both before and after semara
can be applied in the field by slurry tankers, whage in-
creasingly equipped with subsoil applicators [4].sépa-
rated solid fraction of digestate, like compostn ¢ee ap-

Wiodzimierz TALARCZYK, tukasz LOWINSKI

225

ik ob&mibrona talerzowa, model wirtualny, model oblicze

plied on the surface, e.g. with the help of speorghard
spreaders [3] or traditional manure spreaders. Kewe
spreading the digestate in the form of a solid manu
spreader requires its plowing or mixing with sailthe next
treatment, and in accordance with the Code of Gagii-
cultural Practices, natural and organic fertilizensst be
covered or mixed with the soil using cultivatiorol® not
later than the day after they were applied [5].

At the Industrial Institute of Agricultural Engiegng in
Pozna, as part of the BIOSTRATEG
1/269056/NCBR/2015 project, a device for soil apgtion
of dehydrated digestate was prepared, consistiregrabd-
ernized manure spreader and aggregated disc harrow.

2. The virtual model of the device for soil applicion of
dehydrated digestate

The virtual model of the device for the soil apption
of dehydrated digestate, reflecting its generalicstiral
form, was developed on the basis of the premisenaesg in
the project that the manure spreader base shouldduk
ernized, and the mixing of the digestate with thié should
be ensured by aggregated disk harrow. The spéyifidfi
the manure spreader construction forces the udéfefent
spreading adapter that does not lift the spreadiager as
widely as the standard adapters, and aggregatesishe
harrow with the spreader in the attached mannerth@en
basis of the identification of manure spreader myi8, it
was found that it is possible to adapt spreader new ap-
plication after modernization of the hydraulic gmstand
mounting new equipment: low sides, an attachmergagh
ing the digestate and disc harrow hitch (Fig. 1).
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Source: own work Zrodio: opracowanie wiasne

Fig. 1. Virtual spreader model with new equipment
Rys. 1. Wirtualny model rozrzutnika z nowym ogpm

Modernized hydraulic system in addition to the Eyp
of native components of the manure spreader (ftmor-
veyor drive, cylinders fixing the position of thatg valve)
provides power supply for new units (drive of theger-
type beater, cylinders fixing the position of thiscdhar-
row). The low sides protect from the flanks the efdhe

Source: own work Zrodto: opracowanie wiasne

Fig. 3. Disc harrow hitch, mounted to the chasdishe
spreader

Rys. 3. Zaczep do brony talerzowej, zamontowangyodie
wozia rozrzutnika

The disc harrow designed for aggregation with a

spreader (Fig. 4) is a compact harrow, with a waykiidth
of 3 m, equipped with 560 mm discs, a tire shaft arlong
connecting bar. The discs are mounted by springsaan
ranged in two rows, with the side disks foldedtfansport.
The disc harrow, like the spreading attachmerggisipped
with side screens to prevent the loose soil fronmde
thrown out of the work space. The tire shaft fidfithe
working function (setting the disc depth, compagtihe

floor conveyor, open after disassembling the stethda |gosened soil) and the transport function (suppgrtihe

spreading adapter. The spreading attachment is texdum
the handles at the end of the manure spreaderistaassis
located below the floor conveyor. The working assisnof
the spreading attachment is a horizontally positihrhy-
draulically driven auger-type beater with right daett spi-
rals and knives screwed on their circumference.(Big
The elements of the spreading attachment are hésgitle
screens which limit the spread of the digestai@ wadth of
3 m, corresponding to the working width of the disar-
row. The hitch for the disc harrow (Fig. 3) consisf a fork
bracket and a hitch pocket. The fork bracket isnested to
the handles of the manure spreader chassis angdlap
such a way that the attached hitch pocket is lochtdow
the chassis and the spreading attachment.

Source: own work Zrodio: opracowanie wiasne

Fig. 2. Digestate spreader attachment, equippeld aviu-
ger-type beater and side screens

Rys. 2. Przystawka rozrzugap poferment, wyposana
w bebenslimakowy i ekrany boczne
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back of the harrow). The right positioning of thardow
behind the spreader during operation (Fig. 5) aadsport
(Fig. 6) is determined by drawbar hydraulic cylircland
tire shaft, equipped with stroke limiter.

Source: own work Zrédto: opracowanie wasne

Fig. 4. Disc harrow aggregated with a spreader
Rys. 4. Brona talerzowa zagregowana z rozrzutnikiem
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Source: own work Zrédto: opracowanie wiasne

Fig. 5. Disc harrow in working position
Rys. 5. Brona talerzowa w pétmiu roboczym

Source: own work Zrodio: opracowanie wiasne

Fig. 7. Computational model of the modernized speea
Rys. 7. Model obliczeniowy zmodernizowanego rozikait

Source: own work Zrédto: opracowanie wiasne

Fig. 6. Disc harrow in transport position
Rys. 6. Brona talerzowa w pétmiu transportowym

The digestate is poured from the manure spreatdeiks
through the adjustable slot under the tank dampérfalls
from the end of the conveyor floor, shielded frdma flanks
with the low sides, onto the spreading attachméhé au-
ger-type beater of the attachment,
clockwise, shatters and spreads the digestate wtitliting
it up. The width of the scatter space, limited bg side
screens, is 3 m, with the width of the floor conme® m
and the width of the 2.1 m auger-type beater. Englizer
falls on the field surface in front of the harrovsas that
mix it with the soil and the tire shaft tights tbeil together
with the fertilizer.

3. Computational models and strain analysis

On the basis of the virtual model, computationateis
of the modernized manure spreader (Fig. 7) and lisk
row aggregated with it were developed (Fig. 8) sindngth
analyzes were carried out. The models were devdlape
SolidWorks 2017 system and the calculations werdech
out in the IDEAS NX 6.3 system. The purpose ofahaly-
sis was to check if is possible to load the spreadi ad-
ditional disc harrow and if its supporting struetumeets the
strength requirements. The calculations take imtcoant
the loads occurring during operation and transpestylting
from the weight of the spreader and disc harrow, ttass
of digestate, the working resistance of the hardsgs and
the rolling resistance of the manure spreader vsreed the
tire shaft of the harrow.

The results of calculations are presented in ¢ fof
stress maps (Figs 9-12). It was found that duriaggport
in places with the greatest strain there are paintsecting
the leaf springs beams with longitudinal beamshef ma
nure spreader's chassis.
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Source: own work Zrodio: opracowanie wiasne

Fig. 8. Computational model of disc harrow
Rys. 8. Model obliczeniowy brony talerzowej

Source: own work Zrédto: opracowanie wiasne

Fig. 9. Map of reduced stresses in the manure dprisa
chassis during operation

Rys. 9. Mapa napter zredukowanych w podwoziu roz-
rzutnika podczas pracy

Source: own work Zrédto: opracowanie wasne

Fig. 10. A map of reduced stresses in the discokhahitch
during operation

Rys. 10. Mapa napten zredukowanych w zaczepie do
brony talerzowej podczas pracy
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On an even ground, the stress value at these peiathes
170 MPa, and on the slope increases up to 183 MRhe
case of a disc harrow rolled on the tire shaft, highest
stresses (point up to 203 MPa) occur in the fraompert
braces. In case of working, the strain in the attaent
points of the spreader springs reaches 210 MPainatia
longitudinal beams of the disc harrow frame - upl82
MPa. In the manure spreader shaft, the stress daleg not

4. Conclusions

1. The functional analyzes carried out have shdwhit is
possible to adapt the manure spreader to the [golication
of dehydrated digestate by modernizing the spreader
aggregating it with a disc harrow.

2. Modernization of the manure spreader includes th

exceed 123 MPa, and in the drawbar handle 134 MPaodernization of the hydraulic system and mountiegv

(Fig. 12). The value of stresses in the bolt modirite the
chassis of the manure spreader is 82 MPa (Fig. TH8.
analyzes carried out showed compliance with thength
requirements in terms of allowable stresses for5335
steel for the supporting structure of both the mpited
spreader and the disc harrow aggregated with d, alnove
all, showed that the operation of spreader withdise har-

equipment: low sides, a spreading digestate attanhiand
a hitch for a disc harrow.

3. The disc harrow should be aggregated with theuna
spreader in the attached manner, and the hydriylead-

justed drawbar and tire shaft should ensure itpgravork-
ing and transport position.

row is possible in terms of strain.

4. Strength analyzes have shown that it is possiblead
the Tytan 18 manure spreader with a disc harrovi it
working width of 3 m.

Source: own work Zrodio: opracowanie wiasne

Fig. 11. Map of reduced stresses in the disc harsypport
structure during operation

Rys. 11. Mapa napten zredukowanych w konstrukcji no-
snej brony talerzowej podczas pracy

5. References

[1] Kowalczyk-Jéko A., Szamaska M.: Poferment nawozem dla
rolnictwa. Fundacja na rzecz Rozwoju Polskiego Rbivdgc
2015. www.ksow.pl.

[2] Makara A., Kowalski Z., Fela K.: Zagospodarowasubstan-
cji pofermentacyjnej w aspekcie bezpiatst#va ekologiczne-
go. Prace Naukowe Akademii im. Jana Diugosza wsftoz
chowie, 2017, t. V, 177-190.

[3] Talarczyk W., Lowhski £: Mozliwosci techniczne zlokalizo-
wanego nawgenia nawozami naturalnymi i organicznymi.
Monografia, tom 10 ,Wybrane zagadnienia ekologicze
wspotczesnym rolnictwie”, PIMR 2017, 64-70.

Fig. 12. The map of reduced stresses in the disoWwa [4] Zbytek Z., Lowiiski t.: Techniki aplikacji gnojowicy. Cz. 3.

drawbar during operation Technika Rolnicza Ogrodnicza érea, 2009, 3, 19-22.

Rys 12. Mapa na@f@,l Zredukowanych w dysz|u brony ta- [5] Kodeks Dobrej Praktyki Rolniczej. MRIRW, $/| Warszawa,
lerzowej podczas pracy 2004.

‘7 ,\\
Source: own work Zrodto: opracowanie wiasne

Acknowledgements:

The work was carried out as part of the projectiteadt "Interdisciplinary research on improving eggrefficiency and in-
creasing the share of renewable energy sourcebdrenergy balance of Polish agriculture" financeahi The National
Centre for Research and Development under thee&gfimResearch and Development Program "Naturalrenment, ag-
riculture and forestry" - BIOSTRATEG, Contract Né®?69056/NCBR/2015.

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

228



