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Abstract: Impact of technical parameters on the 
horizontal resistance component when slicing soil 
with a duckfoot share. The aim of the paper was 
studying the resistance during splicing of soil, rep-
resented by the horizontal resistance component 
(Fx), depending on changes of speed and working 
depth of a work piece in form of a duckfoot share. 
The study was realized under laboratory condi-
tions in a soil channel which ensured repeatability 
of results. The tested work piece was a duckfoot 
share with width of 135 mm installed on a spring 
tine type VCO with stiffness of 8.3 kN·m–1. The 
tests utilized two working depths for the tool: 
0.03 and 0.05 m and two working speeds: 0.84 
and 1.67 m·s–1. Changes in the horizontal resis-
tance component (Fx) depended on the speed and 
the working depth. At constant parameters of the 
soil and the tool, change in working depth from  
0.03 to 0.05 m resulted in increase of resistance 
by 42.6% for the working speed v1 = 0.84 m·s–1 
and 58.8% for v2 = 1.67 m·s–1.

Key words: working resistance, soil, duckfoot 
share

INTRODUCTION

The key function of work pieces that 
operate in the soil is creation of optimal 
conditions for growth and development 
of plants [Chandon and Kushwaha 2002, 
Al-Suhaibani and Ghaly 2010, Buli ski 
and Sergiel 2013]. Apart the qualitative 

effect, a key assessment criterion for op-
eration of a given work pieces or their 
assemblies is the energy intensity of the 
process itself [Buli ski et al. 2009]. The 
value of load related to operation of the 
work piece in the soil is determined by 
a number of factors related to: construc-
tion parameters of the tool, character-
istics of the soil and the agro-technical 
parameters of the process [Lejman and 
Owsiak 2001, Buli ski and Sergiel 2011, 
2014, Lejman et al. 2013, Powa ka and 
Buli ski 2014a, 2014b]. For processes 
aimed at loosening the soil in its deeper 
layer it is advisable to use narrow tools 
(63–125 mm). When the aim is to loos-
ening the upper soil layer with low en-
ergy expenditures the recommendation 
is to use wide tools (125–200 mm) [Mc-
Kyes 1984]. An important criterion when 
dividing the tools into wide and narrow 
ones is the depth/width ratio [Godwin 
and O’Dogherty 2007]. If the ratio is 
less than 0.5 the tool is considered wide 
(knife, duckfoot share) and with larger 
ratios the tools are considered narrow 
(coulters, shares).

Analysis and interpretation of re-
sults obtained from empirical  eld tests 
is extremely dif  cult due to high vari-
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ability of conditions in which the tests 
are performed. Therefore, it is typical 
to perform testing under laboratory con-
ditions that allow for controlled testing 
conditions and legitimate conclusions 
[Piotrowska and Klonowski 1996, Sahu 
and Raheman 2006a, 2006b, Javadi et 
al. 2012]. On basis of the experimental 
testing is possible to discover the phe-
nomena that occur during the operation 
of the work pieces in the soFig. We col-
lect information that allows us to fore-
see signi  cant parameters, characteristic 
for the  obtained soil deformation such 
as depth and distance in the direction of 
the work piece’s movement. On basis of 
the data gathered it is possible to devel-
op models that allow for forecasting the 
resistance forces for a wide selection of 
tools [Kuczewski and Piotrowska 1998, 
Godwin and O’Dogherty 2007, Zaied et 
al. 2014].

The cultivation tools or equipment 
are also widely used for cultivation of 
plants in row-crops. The key aim of cul-
tivation by row-crops is shallow loosen-
ing of soil between the rows of plants, 
which removes weeds, breaks crust, 
facilitates water ingress and aerates the 
soil, makes water evaporation more dif-
 cult and earthing-up the plants in order 

to ensure their better growth. Such cul-
tivation results in better growth and de-
velopment conditions for the plants and 
removes weeds that hider growth of the 
desired arable plants – being their direct 
competitors. Earth crust or compression 
makes air ingress dif  cult and hampers 
proper development of plants and the 
weeds, which are better adapted to local 
conditions, grow quicker and deprive 
the arable crops of water, nutrients and 
sun. This area yields less publications, 

especially in relation to energy load 
caused by the soil on the duckfoot share 
with low rake angle. This is also due the 
fact that maintaining the assumed, low 
working depth of such a tool is much 
more problematic than for the tools op-
erating deeper – as in their case the rela-
tive error is smaller.

The aim of the paper was studying 
the resistance during splicing of soil, 
represented by the horizontal resistance 
component (Fx), depending on changes 
of speed and working depth of a work 
piece in form of a duckfoot share.

MATERIAL AND METHODS

In order to experimentally determine 
the impact of operating conditions on 
a shallow-operation work piece on the 
horizontal resistance component when 
slicing soil realized were model tests in 
a soil channel.

The main components of the soil 
channel is a steel half-pipe – 10 m long 
and 2 m wide – created to test models 
of actual agricultural work pieces and 
equipment of typical size. A track is at-
tached to the edge of the half-pipe on 
which the tool trolley moves. The trol-
ley is powered by an electric motor via 
a regulator, drive shaft and dual line 
system that allows for moving the trol-
ley in both directions. The motor is con-
trolled by an electronic circuit allowing 
for linear control of the work speed of 
the tool trolley. During preparation of 
the soil for testing the trolley is equipped 
with special stiff loosening tines, next 
levelling blade and during the last pass a 
smooth compressing cylinder where the 
compression strength may be controlled 
(Fig. 1). This system allows for loos-
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ening and preparing the soil before the 
actual measurements [Miszczak and No-
wakowski 2006, Buli ski et al. 2010]. The 
tests were realized in the channel  lled 
with  ne sand clay with the following 
characteristics: sand 61.5%, ash 22.0%, 
silt 16.5% [PN-R-04033]. The humidity 
of the soil was controlled using drying–
–weighting method in accordance 
with the requirements of the PN-ISO 
11465:1999; in conversion to the weight 
of moist soil and it was 10.1 ±0.45%. 
The soil was loosened down to 0.22 
±0.02 m at speed of 0.33 ±0.01 m·s–1. 
After levelling it with a blade it was later 
compressed with the cylinder during two 
passes. The weight of the cylinder dur-
ing the  rst pass was 360 kg, and 520 kg 
during the second pass. Soil compaction 
was controlled by a cone penetrometer 
with angle of 30° and diameter of base of 
20.27 mm, manufactured in accordance 

with the norm ASAE 313.2. The meas-
ured average – measurements made be-
fore each test measurement in randomly 
chosen  ve locations of the channel, was 
486 ±5 kPa. The utilized system ensured 
repeatability of conditions during subse-
quent test passes.

Using the prepared soil, realized were 
measurement passes by the tool trolley 
with a bar to which attached was an 
adepter with the work tooth. Between the 
adepter, which allowed for changing the 
operating depth of the duckfoot share, 
a three-directional force sensor CS3D was 
installed (Fig. 2). The sensor allowed for 
recording of resistance experienced by 
the work piece in the three perpendicu-
lar directions: Fx – in line with the speed 
vector, Fy – perpendicular to the speed 
vector in plane perpendicular to the sur-
face of the soil and Fz – perpendicular to 
the speed vector in plane parallel to the 

a b

c

FIGURE 1. The stages of soil preparation for testing: a – loosening tines, b – levelling blade during 
work, c – compression of soil by a smooth cylinder
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surface of the soil. Due to stiff connection 
of the work piece, the working depth was 
monitored in a continuous manner using 
laser sensor LDS 100-500P-S manufac-
tured by Beta Snsorik. The tested work 
piece was a duckfoot share with width of 
135 mm installed on a spring tine type 
VCO with stiffness of 8.3 kN·m–1 (Fig. 
3). The tests utilized two working depths 
for the tool: d1 = 0.03 and d2 = 0.05 m, 
and two operating speeds: v1 = 0.84 and 
v2 = 1.67 m·s–1.

FINDINGS AND DISCUSSION

Due to the manner in which the work 
piece was mounted, the appropriate-
ness of assumptions were tested, in re-
lation to maintenance of the set depth 
in individual test passes. On basis of a 
performed a two-factor variance estima-
tion (speed and depth), it was established 
that the actual work depth did not change 
with the change of the operating speed 
(Fv1=1, v2=2079 = 2.12, with critical signif-
icance level p = 0.1456), which proves 
the repeatability of the parameters of 
the duckfoot share. The operating depth 
was differentiated for the set depth lev-
els (Fv1=1, v2=2079 = 603.50, p < 0.0001), 
which means that the selected param-
eters of 0.03 and 0.05 m resulted in larger 
inter-group differences than dispersion 
of values for a given depth (intra-group 
dispersion). The operating depth change 
coef  cient for v1 = 0.84 m·s–1 was 1.97% 
and for v2 = 1,67 m·s–1 was 1.70% which 
indicates a negligible variation of operat-
ing depth. The maximum relative error 
did not exceed 2.1%. Therefore we can 

FIGURE 2. Work piece during measurement: 
1 – laser sensor LDS 100-500P-S, 2 – three-direc-
tional force sensor CS3D, 3 – trident with a duckfoot 
share

FIGURE 3. Tooth with duckfoot share: a – mounting parameters of the spring tine type VCO, 
b – parameters of the duckfoot foot share

a b
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assume that the two set operating depths 
of 0.03 and 0.05 m were maintained dur-
ing the test procedure regardless of the 
speed of the test. The realized analysis 
serves as a proof of repeatability of the 
measurement tests.

During the test proper, instantaneous 
force values were recorded with frequen-
cy of 50 Hz. A specimen of work resist-
ance component (Fx) for duckfoot share 
135 mm operating at depth d2 = 0.05 
m, at two movement speeds: v1 = 0.84  
and v2 = 1.67 m·s–1 (Fig. 4).

In order to check the signi  cance 
of variability of the working resistance 
component (Fx) at different test settings, 

FIGURE 4. A specimen of work resistance component (Fx) for duckfoot share 135 mm operating at 
depth d2 = 0.05 m at two movement speeds v1 = 0.84 m·s–1 and v2 = 1.67 m·s–1

a two-way variance analysis with repeti-
tions was realized (Table 1). The vari-
ability of the work resistance component 
(Fx) was statistically signi  cant for the 
changes in speed and depth of operation 
and for their interaction (Fig. 5).

For speed v1 = 0.84 m·s–1 and oper-
ating depth 0.03 m the working resist-
ance component (Fx) reached on average 
154.7 N (Table 2). Increasing the oper-
ating depth by 10 mm, within the stud-
ied depth range, resulted in increase of 
resistance by 33 N. At operating depth 
of 0.05 m the resistance component (Fx) 
was 220.6 N. Analogous to the speed 
v1 also for speed v2 the resistance in-

TABLE 1. Variance analysis of factors impacting the value of working resistance component (Fx)

Source
variable

Total
squares

Number
degrees of 
freedom

Average
square

Value
statistics (Fobl)

Critical 
signi  cance 

level
Speed: v 15,852.8 1 15,852.8 10.68   0.0011
Depth: d 2.6905·106 1 2.6905·106 1,813.34 <0.0001
Interaction v  d 55,029.7 1 55,029.7 37.09 <0.0001

Source: Own results of the authors.
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creased with the increase of depth, but 
their value was higher and amounted to 
44 N per 10 mm. Change in working 
depth from 0.03 to 0.05 m resulted in 
increase of resistance by 42.6% for the 
working speeds v1 = 0.84 m·s–1 and 
58.8% for v2 = 1.67 m·s–1. Field tests 
of cultivator teeth equipped with duck-
foot shares indicate an increase in resist-
ance of 59.61% in horizontal plane when 
changing the operating depth from 8 to 
10 cm [Frid et al. 2004]. During opera-
tion of a tool in shape of a symmetri-
cal diagonal wedge with width of 0.14 
m and a lead angle of 30° at operating 
speed of 2 m·s–1 in a soil of middle clay, 
the change of depth from 0.04 to 0.06 m 
resulted in increase of operating resist-
ance (Fx) by 30% [Lejman 2005]. For 
a straight wedge with width of 0.14 m 
and analogous operating conditions, in-
creasing the operating depth by 0.02 m 
resulted in resistance (Fx) by 42%.

Change of operating speed, in the 
tested range, had less impact on the 
change of resistance than the operating 
depth. For the depth of 0.03 m, change of 
operating speed resulted in a small drop 
of resistance by 3% which is within the 

statistic error. At speed v2 observed was 
increase by the resistance component 
(Fx) by about 8%. Due to operation of 
the tool in the soil, created are new shear 
stresses. In the layer, where the stresses 
are the strongest and the shear resist-
ance of the soil is exceeded, the layer is 
spliced [Bernacki 1981]. The manner in 
which the work tool operates is a cycle in 
which deformations are introduced until 
the earth breaks due to transfer of stresses 
into the structure of the soFig. Changes 
in the values of the resistance are pre-
sented on Figure 4, which represents the 
cycle of increased resistance of the soil, 
de  ection of the tooth with the duckfoot 
share and next, after the earth parts and is 
cast aside, the tooth moves forward into 
already loosened earth where it experi-
ences less resistance, which is registered 
by the sensor as lower value of the hori-
zontal resistance component Fx. The cy-
cle of operation also results in changes to 
the longitudinal pro  le of the bottom of 
the furrow. During the study it was no-
ticed that the higher the change of the re-
sistance component (Fx) (increased tooth 
de  ection) the larger the unevenness of 
the furrow’s bottom. This effect is desir-

F x
 [N

]

d [m]

v2 = 1.67 m·s–1

v1 = 0.84 m·s–1

FIGURE 5. Changes in value of resistance (Fx) depending on the operating depth (d) for two operating 
speeds (v)
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able from agro-technical standpoint as it 
allows for smaller soil erosion as it limits 
surface run-off. The coef  cient of vari-
ation of operating resistance component 
(Fx) is a function of changes in load. 
The above value of coef  cient indicates 
higher changes in the resistance force 
(Table 2). Taking into consideration the 
test results it should be stated that for 
smaller depths we will achieve a larger 
effect of limiting the surface run-off of 
water. This however requires additional 
specialized research.

Increasing the operating speed results 
in the stresses being concentrated near 
the edges of the work piece and decrease 
the transfer of stresses into the structure 
of the soFig. This is re  ected by the val-
ues of standard deviation which in the 
two tested depths are lower for the higher 
tested operating speeds. At the same time 
for higher operating depth there is also 
increased uniformity of the load. Owsiak 
et al. [2006] when comparing the aver-
age slicing resistance values and instan-
taneous values stated that for operating 
depth of 0.07 m the relative differences 
reached 20% whereas for 0.12 m only 
5%. In the  eld testing of cultivator teeth 
a change in speed within range from 1.64 
to 3.16 m·s–1 resulted in resistance in-

crease of 53.11% in the horizontal plane 
[Frid et al. 2004].

The most favourable work system for 
tools in shallow operation is aiming at 
maintaining, with the largest degree of 
precision, of low operating depth. This 
should ensure proper cutting of weeds’ 
roots and will result in decreased oper-
ating resistance. At the same time it al-
lows for utilization of higher operating 
speed (from the agro-technology ranges) 
that have less impact on power require-
ments.

CONCLUSIONS

For  xed soil and tool parameters, 
increase in operating depth between 
0.03–0.05 m and operating speed 
from 0.84 to 1.67 m·s–1 had statisti-
cally signi  cant impact on the chang-
es of value of the operating resistance 
component (Fx). Interaction between 
these factors was also statistically 
signi  cant.
During soil splicing using the duck-
foot share, the higher gradients of 
the operating resistance component 
(Fx) were observed for changes in the 
operating depth from 0.03 to 0.05 m 
and operating speed v2 = 1.67 m·s–1 
(44 N for every 10 mm of depth) than 

1.

2.

TABLE 2. Value of resistance component (Fx) for the studied variables

Depth
working
[m]

Speed
working
[m·s–1]

Work resistance component (Fx)
[N]

Standard 
deviation

[N]

Coef  cient 
of variation

[%]min max average median

0.03
0.84 9.2 287.0 154.7 159.2 46.2 29,8
1.67 63.1 252.4 149.6 151.0 32.2 39.4

0.05
0.84 103.1 314.5 220.6 222.9 37.6 17.1
1.67 155.4 313.4 237.6 237.5 28.6 12.1

Source: own results of the authors.
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for v1 = 0.84 m·s–1 (33 N per every 
10 mm of depth).
Temporary changes of operating re-
sistance of duckfoot share operating 
in the soil are smaller for higher oper-
ating speed and with increased depth 
the load becomes more uniform.
The realized research indicates the 
need to analyze the surface of the bot-
tom of the furrow depending on the 
parameters of the duckfoot share. In-
creased lack of longitudinal conform-
ity will allow limiting the surface ero-
sion of the soil due to limited run-off 
of water between the rows.

Acknowledgements

This work was funded by the National 
Centre for Research and Development, 
and Kongskilde Poland Ltd., which is 
gratefully acknowledged.

REFERENCES

Al-SUHAIBANI S.A., GHALY A.E. 2010: 
Performance evaluation of a heavy duty 
chisel plow at various tillage depth and 
forward speeds. American J. of Engineer-
ing and Applied Sciences 3: 588–596.

ASAE Standard, 1993. Soil Cone Penetrom-
eter S 313.2. American Society of Agri-
cultural Engineering.

BERNACKI H. 1981: Teoria i konstrukcja 
maszyn rolniczych. Tom 1. Cz  I i II. 
Narz dzia i maszyny uprawowe. PWRiL, 
Warszawa.

BULI SKI J., GACH S., WASZKIEWICZ 
Cz. 2009: Energetyczne i jako ciowe 
aspekty procesu uprawy gleby narz dzia-
mi biernymi. Problemy In ynierii Rolni-
czej 4: 51–57.

BULI SKI J., KLONOWSKI J., SERGIEL 
L. 2010: Wykorzystanie kana u glebowe-
go do bada  zespo ów roboczych narz -

3.

4.

dzi i mechanizmów jezdnych. In ynieria 
Rolnicza 1(119): 93–98.

BULI SKI J., SERGIEL L. 2011: Wp yw 
wilgotno ci gleby na jej zag szczenie 
ko em ci gnika. In ynieria Rolnicza 
8(133): 45–53.

BULI SKI J., SERGIEL L. 2013: Soil con-
siderations in cultivation of plants. An-
nals of Warsaw University of Life Sci-
ences – SGGW, Agriculture (Agricultural 
and Forest Engineering) 61: 5–15.

BULI SKI J., SERGIEL L. 2014: Effect of 
moisture content on soil density – com-
paction relation during soil compacting 
in the soil bin. Annals of Warsaw Univer-
sity of Life Sciences – SGGW, Agricul-
ture (Agricultural and Forest Engineer-
ing) 64: 5–13.

CHANDON K., KUSHWAHA R.L. 2002: 
Soil forces on deep tillage tools. The AIC 
2002 Meeting CSAE/SCGR program 
Saskatoon, Saskatchewan, Canada July 
14-17, 2002. Paper 02-210: 12.

FRID M., ŠABATKA J., CELJAK I. 2004: The 
effect of working conditions on the selected 
parameters of duckfoot. Res. Agricult. Eng. 
– Zemed. Tech. 50(2): 66–74.

GODWIN R.J., O’DOGHERTY M.J. 2007: 
Integrated soil tillage force prediction 
models. Journal of Terramechanics 44: 
3–14.

JAVADI A., SEYEDI E., MOHAMADIGOL 
R., SHAHIDZADEH M. 2012: Effect 
of a modi  ed and common disc openers 
on soil failure and forces using for direct 
planting. Global Journal of Medicinal 
Plant Research 1(1): 26–32.

KUCZEWSKI J., PIOTROWSKA E. 1998: 
An improved model for forces on narrow 
soil cutting tines. Soil and Tillage Re-
search 46: 231–239.

LEJMAN K. 2005: Opory skrawania gleby 
narz dziami o kszta cie klina prostego 
i symetrycznego klina uko nego. In y-
nieria Rolnicza 3(63): 279–287.

LEJMAN K., OWSIAK Z. 2001: Czynniki 
determinuj ce warto ci oporów skrawania 
gleby narz dziami o kszta cie klina pro-
stego. In ynieria Rolnicza 13: 255–260.



Impact of technical parameters on the horizontal resistance component...      13

LEJMAN K., OWSIAK Z., PIECZARKA K. 
2013: Wp yw spr ysto ci z bów kulty-
watora na jako  i efektywno  spulch-
niania gleb gliniastych. In ynieria Rolni-
cza 4(147): 179–190.

McKYES E. 1984: Prediction and  eld mea-
surements of tillage tool draft forces and 
ef  ciency in cohesive soils. Soil and Till-
age Research 4 (5): 459–470.

MISZCZAK M., NOWAKOWSKI T. 2006: 
Stanowisko badawcze narz dzi uprawo-
wych. Technika Rolnicza Ogrodnicza 
Le na 3: 14–15.

OWSIAK Z., LEJMAN K., WO OSZYN 
M. 2006: Wp yw zmienno ci g boko ci 
pracy narz dzia na opory skrawania gle-
by. In ynieria Rolnicza 6: 45–53.

PIOTROWSKA E., KLONOWSKI J. 1996: 
Badania modelowe w skich narz dzi 
do uprawy g bokiej. Przegl d Techniki 
Rolniczej i Le nej 12: 9–12.

PN-ISO 11465:1999. Jako  gleby. Oznacza-
nie zawarto ci suchej masy gleby i wody 
w glebie w przeliczeniu na such  mas  
gleby. Metoda wagowa.

PN-R-04033. Gleby i utwory mineralne. Po-
dzia  na frakcje i grupy granulometryczne.

POWA KA M., BULI SKI J. 2014a: 
Changes in soil density under in  u-
ence of tractor wheel pressures. Annals 
of Warsaw University of Life Sciences 
– SGGW, Agriculture (Agricultural and 
Forest Engineering) 63: 15–22.

POWA KA M., BULI SKI J. 2014b: Ef-
fect of compacting soil on changes in its 
strength. Annals of Warsaw University 
of Life Sciences – SGGW, Agriculture 
(Agricultural and Forest Engineering) 
63: 5–14.

SAHU R.K., RAHEMAN H. 2006a: An ap-
proach for draft prediction of combina-
tion tillage implements in sandy clay 
loam soil. Soil & Tillage Research 90: 
145–155.

SAHU R.K., RAHEMAN H. 2006b: Draft 
prediction of agricultural implements us-
ing reference tillage tools in sandy clay 
loam soil. Biosystems Engineering 94(2): 
275–284.

ZAIED M.B., DAHAB M.H., El NAIM 
A.M. 2014: Development of a mathemat-
ical model for angle of soil failure plane 
in case of 3-dimenssional cutting. Cur-
rent Research in Agricultural Sciences 
1(2): 42–52.

Streszczenie: Wp yw parametrów technicznych 
na sk adow  poziom  oporów skrawania gleby 
g siostopk . Celem pracy by o zbadanie oporu 
skrawania gleby, reprezentowanego przez po-
ziom  sk adow  oporów (Fx), w zale no ci od 
zmian pr dko ci i g boko ci roboczej dla ele-
mentu roboczego w postaci g siostopki. Badania 
przeprowadzono w warunkach laboratoryjnych 
w kanale glebowym zapewniaj cym powtarzal-
no  wyników. Badanym elementem roboczym 
by a g siostopka o szeroko ci konstrukcyjnej 135 
mm zamocowana na z bie spr ystym typu VCO 
o sztywno ci 8,3 kN·m–1. W badaniach stosowa-
no dwie g boko ci robocze narz dzia: 0,03 i 0,05 
m, oraz dwie pr dko ci robocze: 0,84 i 1,67 m·s–1. 
Zmiany warto ci sk adowej poziomej oporów (Fx) 
zale a y od pr dko ci i g boko ci roboczej. Dla 
sta ych parametrów gleby i narz dzia, zmiana g -
boko ci roboczej z 0,03 do 0,05 m spowodowa a 
przyrost oporów o 42,6% dla pr dko ci roboczej 
v1 = 0,84 m·s–1 i 58,8% dla v2 = 1,67 m·s–1.
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