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EXPERIMENTAL AND SIMULATION RESEARCH OF FORCES AND STRESSES ACTING
ON THE HOE COULTER

Summary

The main aim of the experiment was to determirtbéniaboratory conditions forces acting on the ltoalter. The meas-
urements were carried out on an abrasive test tygié "rotating bowl!" unit using designed and buieasuring system.
The velocity of the coulter was in the range ofLitd 2,22 m: and the depth of penetration into the river savas 40 or

60 mm. On the basis of the designated forces a emmpimulation of stresses and displacements efcthulter tip was
carried out. The obtained results made it possibl&now the relation between aggravating force$paity and depth of
immersion of the coulter in the soil, which canused to calculate wear rates or the coulter lexatrength.
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BADANIA EKSPERYMENTALNE | SYMULACYJNE SIt. | NAPR EZEN DZIALAJ ACYCH
NA REDLIC E

Streszczenie

Gtéwnym celem przeprowadzonego eksperymentu byloawgenie w warunkach laboratoryjnych sit dzig¢gich na redli-
ce, ktdra przemieszczataest predkaiciami liniowymi w zakresie od 1,11 do 2,22 esjej zagtbienie w piasku rzecznym
wynosito 40 lub 60 mm. Pomiary przeprowadzono aaswisku, do badaelementéw maszyn pragaych gruncie, typu
~Wiruj gca misa” z wykorzystaniem zaprojektowanego i zbash@go uktadu pomiarowego. Na podstawie wyznaczagiych
przeprowadzono symulackomputerow naprezeri i przemieszczenia redlicy. Uzyskane wyniki poiyvok poznanie za-
leznasci pomidzy sitami obeizajgcymi uklad, a prdkasciq i glebokaicig redlicy podczas pracy svodowisku gruntowym.
Uzyskane dane mody¢ wykorzystane zaréwno do obliczenia naciskow grumatypowierzchri redlicy w celu wyznacze-
nia intensywnéci zwwywaniasciernego jak i do obliczewytrzymaitdciowych dwigni redlicznych.

Stowa kluczowemaszyny rolnicze, redlice, sity i napenia, symulacja komputerowa

1. Introduction 2. Experimental study

Elements of agricultural machines often work inghar
conditions. Thus the problem of forces and stressesir-
ring during their work, especially for the elemenisrking
in the soil is still valid and is taken by manyeaschers to
improve the durability and reliability of agricutfal ma-
chinery by different methods [1, 2, 4, 5, 8].

Research studies of wear process of machine eleme
are conducted both in the laboratory and field (afieg)
conditions [7]. Laboratory tests were performedaospe-
cially prepared for this research test unit. Thiougis
analysis information on the behavior of cooperatibjects

Experimental research of the coulter used in seeder
"Poznaniak” manufactured by "Famrol" on "rotatirgn'
unit was carried out (Fig. 1). The main elementhef abra-
sive test unit consists of bowl with the soil, dnivby the
transmission. The angular velocity of the test waih be
r{)[djusted in the range of 0 to 2,83 rddshich enables the
linear velocity of the tested tool up to 2,78 T-s

The advantage of the test unit consists in thataho
change the properties of soil placed in the bowlsbi
compacting with a roll pressure regulated by twewccyl-

) " . ; inders. The soil can be cultivate, using the tlateel teeth.
in real conditions were obtained. Depending onstage of Moisture of the soil is regulated by the sprinkl&rhe main

the research, they allow a fairly detailed analysisthe arameters of the "rotatina bowl" unit are:
phenomena occurring between cooperating componem'?s, load itv 1000 k 9 ’
and relatively low cost compared with field reliiyi re- sohaeef?hpi(?l(z:\é/ss 3 mrg'

search is their main advantage [6]. . capacity 0,56 '

The main goal of the research presented in thislais diametgr iGOO mm

to identify the relationship between the forcesracon the anaular velocit 0_2’ 83 radts

coulter and its operating velocity, cutting depftre coul- 9 y o2
ter in the soil. Coulters on the “spinning bowl'sttdench

River sand was selected as the abrasive medium. Fol

were examined. Forces generated by an establisteedd-
locity and depth of immersion were determined.ha mext
step simulation study was conducted, which alloveede-
termine the stresses and displacements of theecodlhe
determined force can be used for calculation oerdaha-
tion of the coulter strength, pressure acting endbulter to
estimate the intensity of its abrasive wear.
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lowing a grain size analysis, the grain size disition
curve was determined. The choice of river sand veesed
on a high proportion of quartz particles as comgaoeoth-
er types of soil, thus making this medium partidylabra-
sive. The medium selected for this study undervesene
analysis. After sieving 1000 g of soil the grainesdistribu-
tion curve was determined for the sand fractione Té-
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maining dust fraction (less than 5 g) was considléngig-  consisted of two sensors produced by ZEMIC company.
nificant. The gravel fraction constituted approxielp@  They were connected to a signal amplifier Spidem&de
2,5% of the tested medium. An analysis of the geaame by HBM company. The amplifier is powered from a-bat
distribution curve indicates that one deals hernwmiedi- tery. The voltage converter AC/DC allowed for vgka
um sand with a very low share of gravel and dusttions change from 230 to 12 V. The use of the transdwaes
(less than 3%). Sand was used as abrasive mateithl, necessary because of the noise generated by theanv
grain fraction at 0,2-0,3 mm, and hardness at 99%t1 which regulates the rotation of the test unit foulter im-
HV, while the abrasive material supply rate wasatethe mersed in the soil. For identical reason, the campwas
level of 0,5 g/crs. The sand was selected in accordancpowered by a built-in battery. The amplifier Spidehas
with the PN-EN 933-1:2001 standard. In order to thet only analog outputs RS32, so it was necessary ¢oams
right fraction and dispose of dust and organicyialits, the adapter RS32 - USB. Diagram of the measuring systam
sand was flushed, and a sieve analysis was perfbrate  shown in Fig. 2, the coulter attachment and sens@re
cording to the PN-H-04188:1997 standard. presented in Fig. 3 and in Fig. 4 the measuringesyon
The measuring system fixed on the "rotating bowlit,u the position was presented.

a)

Fig. 1. The "rotating bowl" unit: a) Scheme [3]: fransmission, 2 - engine, 3 - running rail, owh 5 - holder of the sam-
ple, 6 - supporting frame, 7 - roller: 8 - frametloé bowl, 9 - main frame, b) view [9]

Rys. 1. Stanowisko badawcze ,wiyga misa”: a) Schemat [3]: 1 — przekfadnigimakowa, 2 — silnik, 3 — szyna jezdna,
4 — misa, 5 — uchwyt prébki, 6 — rama pomocniczawalec ugniatajcy, 8 — rama misy, 9 — rama gtéwna, b) widok [9]

Fig. 2. Diagram of the measuring system used duttiegimplementation of the research [9]: 1 - b#it& - converter,
3 - amplifier HBM Spider 8, 4 - test stand fitteitlwthe hoe coulter and sensors, 5 - signal coaxest- computer

Rys. 2. Schemat ukltadu pomiarowego wykorzystywapedcras realizacji bada[9]: 1 — akumulator, 2 — przetwornica,
3 —wzmacniacz sygnatu HBM Spider 8, 4 — stanowiskiawcze z zamocowaredlicq i czujnikami, 5 — konwerter sygna-
tu, 6 — komputer
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Sioeilig s The results have a rather significant scatter cisneement
./LEM,kg value due to vibration, which fell into the systemmder in-
vestigation. It was caused by the abrasive weatas be-
cause lateral force generated by rotating sand svorkthe

coulters.

Rigid ting of thi
gl momnting wlthe

sensor

Measuring sensor
L6N-50kg Based on the results from the sensors, component of
force values and resultant force acting on theteotlp for
different linear velocities and the cutting depthtlee hoe
coulter into the soil were calculated (Fig. 7-9heTvalues

of the forces calculated on the basis of a singalifilistribu-

tion of forces in the system are shown in Fig. 6.

Fig. 3. The model of the measuring system usedeasuore

the force on the hoe coulter [9] ] L=
Rys. 3. Model uktadu pomiarowego wykorzystywanego ¢
pomiaru sity dziatajcej na redli¢ [9] R -

—— A

Ry

105

c=

*1> C
F// F,
Fig. 6. Simplified distribution of forces in the asring

system [9]
Rys. 6. Uproszczony rozkiad sit w uktadzie pomigroy9]

The single beam on the right side by the pivotattjo
and on the left side by moving joint was supported.the
Fig. 4. The measuring system used to measure the ém following formula (1-3) can be written [9]:
the hoe coulter [9]

Rys. 4. Uklad pomiarowy wykorzystywany do pomiésu s

dziatajzcej na redlig [9] % —Rax+F,=0 = F, =R, (1)
V:Rayy —Rpy +F, =0 = F, =Ry, — R,y (2)
06 2,22 ms?; 60 mm . =
b ra—Fy-
- || My:—Rgy a+ E, b+ F.c=0=> F,= =
i os o
B | I
o 04 i | |
< l
£03 ' ' " i ' | HN ' If the Rx means the L6N-50kg and,RL6N-30kg sen-
k= V sor and also if it is known the distance betweenghints
E 02 ) of application of the force we can determine thikofaing
St relationships (4-5):
0 5 10 15 20 25 30
Time t [s]

F,=ER. 4)
Fig. 5. A piece of a single measurement obtainethduhe Riyy-275—R g 105
tests for speed of 2,22 rtand cutting depth of the coulter F,, = —————— (5)
of 60 mm [9] ’ 330
Rys. 5. Fragment pojedynczego pomiaru uzyskanyzpsdc
realizacji badai dla predkasci 2,22 m-3 i glebokaci skra-
wania redlicy 60 mm [9] Substituting the data for received dependencefotice
values for all test cases were obtained. A resuftace F
The measuring stand allows to measure the fordéegact Was calculated from the formula (6):
on the coulter tip for two of its depths of penstna
(40 and 60 mm) and different linear velocitieslie range F— (F24 E2
of 1,11 to 2,22 m'5 A sample piece of the measured value” ~— AF + Ay (6)
acting on the sensor in one direction was showhign 5.
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Fig. 7. K force acting on the hoe coulter [9]
Rys. 7. Wartéci sity skladowej Fdziataizca na redlie [9]
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Fig. 8. F, force acting on the hoe coulter [9]
Rys. 8. Wartéci sity sktadowej [-dziataica na redlig [9]
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Fig. 9. The values of the resultant force F actinghe hoe
coulter [9]
Rys. 9. Warti sity wypadkowej F dzialaga na redlie [9]

With the increase in the coulter velocity in thel sm
the "rotating bow!" unit, mounted that there wasramrease
in forces acting on the tip. Negative value of finee in the
vertical direction that occurs in cutting depth4@ mm for

a component JFis also important. This means that the com-

ponent "y" of the force F is less than the weighthe test
system. The resultant force F acting on the couifetin

both cases of coulter depth of penetration into dbi is

growing. This increase is significant in the cakée pene-
tration of 60 mm. For speed of 1,11 thwalue is 14,29 N,
whereas for the 2,22 - more than 22,5 N.
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This gives an increase by less than 60% of thecitglo
growth about 100%. From the graphs can also belrtot
in the case of horizontal forces to 2,22 Trissa significant
forces increase compared to the previous presemtiedi-
ty. So a significant increase in resultant forceasreported
for work at a depth of 40 mm. The resultant vaiuethis
case fluctuates at a similar level of 8 N, withlighgly in-
creasing trend with growing up velocity of the deulin the
soil. This is due to the direction of the vertidatce at a
lower immersion in the soil.

3. Computer simulation

The simulation tests were performed using a conmpute
program Inventor 2014 in which shape of the coultas
modeled, and the coulter by pin bonds in a fixipgtsvas
fixed. Based on the results of the forces actinghencoul-
ter tip obtained in experimental studies and preskim the
previous section, modeled them in a computer pragees-
suming the velocity of 8 kfi* and penetration of the coul-
ter into soil - 60 mm (Fig. 10). Because coulteesavmade
of spheroidal graphite (cast) iron, the model assigto the
properties of that material (e.g. Young's modult®las-
ticity, Poisson's ratio, etc.).

As a result of computer simulation of the forcesinac
on the coulter during operation in the soil, bottisplace-
ment of the coulter (Fig. 11), as well as the vosed stress
were determined (Fig. 12).

Fig. 10. Model of the coulter made in Autodesk Ime,
along with forces: 1 - forces acting on the couttsulting
from pressure of the soil, 2 - the force of gray@y

Rys. 10. Model redlicy wykonany w programie Autkdes
Inventor wraz z zadanymi sitami: 1 — sity dziatz na re-
dlice wynikapce z nacisku gleby, 2 — sita grawitacji [9]

Fig. 11. Determined displacement of the coulteredasn
computer simulation [9]

Rys. 11. Przemieszczenie redlicy w ukfadzie wyenacza
podstawie symulacji komputerowej [9]
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Fig. 12. Von Mises' stresses determined based mputer
simulation [9]

That force can not be eliminated entirely, becathee
coulter on test unit moves in a circular motioneTesults
of the forces, determined by the test unit shoddddated
to the wear of the tested elements which workesbihfor
a specified time and completed a predetermined eurob
kilometers. This allows to find the relationshiptween
forces occurring in the system coulters - soil aptimiza-
tion of its working conditions (working speed, dogt
depth) in soil. Another step of experimental stads@ould
determine forces and wear values for the otherdspéep-
eration of the coulter, e.g., 2, 4, 6

5. Conclusions

On the basis of experimental and computer simuiatio

Rys. 12. Napzenia Von Misesa wyznaczone na podstawigesearch it can be stated that:

symulacji komputerowej [9]

Based on computer simulation it must be statedttieat
greatest displacement occurs for coulter aroundtifts
which may indicate a high stiffness of the toolgher than
the forces acting on it. The obtained values opldise-

» designed and manufactured measuring system allows t
measure the forces acting on the tip of the caulidich
works in the soll,

» conclusions from research have led to the modifoat
of the measuring system, which could reduce theaghpf
lateral force acting on the coulter,

ments, both the maximum and minimum are small. The obtained during research forces acting on the eoaltd

greatest stress is obtained at the place of fitipgf the
coulter on the test unit, while for the remainingaof the
parts is low. On the basis of simulation studieshibuld be
noted that the stress occurring in the coulteril- stem,
even at high line speed and the depth of penetratidhe
coulter at the level of 60 mm are much lower thaa per-
missible stresses for iron cast, which is the nietérom
the coulter tip was made.

4. Proposals of modification for further research

velocity of its work in the sand (cutting depth B(n) were
characterized by a high value of determinationfamefit,

« the results of the forces acting on the coulted v
useful to calculate the strength of the coulteg\gel in the
case of designing a new seeder and allow to esfines
pressure from the surface of the soil used to &iethe
amounts of wear of the coulters.

Studies using the "rotating bowl" unit led to desition
of the forces acting on the coulter working in gand. In
the next stage of the study it is planned by ththas of
this paper to define the relation between forcemgamn

The study allowed to design and construct the measuthe coulters and its wear.

ing system of forces acting on the tool (coultewhich
works in the soil. Nevertheless, the proposed méesgsu
system should be modified. Reducing the lateratefaact-
ing on the coulter in the soil requires fittingcibse to di-
ameter of the test unit (Fig. 13), through the afsthe long
arm, suitably reinforced (rigid). Such location Ivéllow to
minimize lateral forces acting on the tool, whichl wause
more stable changes of the measured parameterd ihas
during the presented study (Fig. 4).

Fig. 13. The proposal of change of the attachnuaattion of
the measuring system reducing effect of the lateraé [9]
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