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RELATIONSHIP BETWEEN PLOUGH BODY SHAPE AND ITS SPEC IFIC RESISTANCE
Summary

The specific resistance of the plough body (a gnotf its working resistance and furrow cross ieejtdepends on three
factors: soil conditions, working speed and plodgidy shape. The last dependence has not been psgvidefined ana-
lytically. A novel method is being presented iis ilblication, which allows us to define and cadtelthe parameters of a
plough body influencing its specific resistanceyad as the relationship between these parametedsspecific resistance
of different plough bodies. The proposed equatimiudes also soil conditions and working speed. ddleulated parame-
ters are based on the dimensions taken from drawfrgplough body working surface through the sbile knowledge of
such a relationship should be very useful in th&gleof new plough bodies and improvement of egjsines. The depend-
ence between defined parameters and specific agsisthas been calculated with statistical methadshe basis of field-
and laboratory investigations of plough bodies vdifierent working surface shapes. The scope efitiiestigation covers
the cylindroidal, semihelicoidal and helicoidal plgh bodies, their working speeds in the range 81 6- 2.5 m/s, and soil
compactness measured with a cone penetrometeeiratige of 1.35 — 1.93 MPa (in field investigatior&he introduced
relationship has been verified for another 10 plosigiuring field investigations, conducted in déietr soil conditions, at
different working speeds.

ZALE ZNOSC POMIEDZY KSZTALTEM POWIERZCHNI ROBOCZEJ KORPUSU
PLUZNEGO A JEGO OPOREM JEDNOSTKOWYM

Streszczenie

Opo6r roboczy korpusu ptnego zalgy od trzech parametréw: warunkéw glebowychedbiasci roboczej i ksztattu po-
wierzchni roboczej korpusu gloego. Prezentowana zatesé nie byta dotychczas zdefiniowana analitycznie.ddatpre-
zentowana w tej publikacji pozwala oKié i obliczy® parametry ksztattu korpusu phego wplywajce na opér jednost-
kowy, pokazuje tak wplyw tych parametrow na opor dlaznych korpuséw plimych. Zaproponowane rownie uwagpia
rowniez warunki glebowe i mdkai¢ robocz;. Wskéniki charakteryzujce ksztalt korpusu ptnego wyznaczono z profilo-
gramow. Prezentowana metoda i zal&¢ mae by przydatna przy projektowaniu nowych korpuséwmjeh jak réwnie
przy poprawieniu ksztaltu juistniegcych korpuséw. Rownanie charakterymg opor jednostkowy korpusow fiych,
uwzgkdniajgce parametry ksztattu korpusow giych i parametry glebowe, zostalo uzyskane prapzewaniu metod sta-
tystycznych w oparciu o badania polowe i laborajioeykorpuséw pinych o rénym ksztalcie powierzchni robocze;.
Zakres bada obejmowat korpusy ptae cylindroidalne, p&tubowe isrubowe, w badaniach stosowanagkasci robocze
w zakresie 0,81 — 2,5 m/s przy @xtasci gleby w przedziale 1,35 — 1,93 MPa mierzonegp®metrem sttkowym (w ba-
daniach polowych). Do weryfikacji zatesci wykorzystano badania polowe 10 korpuséwémpyeh prowadzone w zhdi-
cowanych warunkach glebowych przymgch pedkasciach roboczych.

1. Introduction

The comparative estimation of specific resistafme
different plough bodies allows for selection of thest pa-
rameters of their working surface during their dasibe-
fore their experimental investigations. Bernack] fro-
posed a relationship between the plough body eexist
and the angle of its mouldboard setting. Sommerljbfg
searched for a relationship between selected paeasnef
plough body and its resistance. His equation wasudised
and improved by Ganzuch et al. [2] as well as bpikeh
[3]. Richey et al. [4] describe the surface of glbibody by
the bicubic equation and searched for its connestisith
the soil-tool mechanics model. However, all thelsdara-
tions are not satisfactory for forecasting the Hmecesis-
tance of different plough bodies, on the base eirshpro-
ject drawings.

2. Methodology
Method of plough body parameters calculation

Projected plough body surface is defined by theofe
dimensions, given in the table on its drawing,lesdoordi-
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nates of points in vertical cross-sections, perjmehar to
the edge of share (Fig. 1).

Using these coordinates, the plough body surfaseblean
described by the following equation:

= f[ (22 +2%+2) 1+ yaryl?+y2®) + (yP+y22+y1 ]| (D)

where:x1, y1, z- are the coordinates of plough body sur-
face (perpendicular and parallel to the edge ofeghtaken
from the table on the drawing.

The {do you mean the “above”} equation has beenetiev
oped to the form:
X=az'+a2° +az+a Zyl+azyl+ gzyl+ g 2y’ +
+a Y’ +azyl’+ q, 7yl + 8, 2 yI' + @, zyl’ +
+a, Y1 +a, yI* + ag ¥l
2

In this equatiora; =+ a;5 are multiple regression coeffi-
cients, and only the ones with statistically sigaift t-test
values were considered during calculation.
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Fig. 1. Main elements of a typical plough body drayv
X, Y, z — coordinates system parallel and perpetatico
the plough movement, x1, y1, z — coordinates sygiem
pendicular and parallel to the share edge, - share edge
angle and its geometrical complement9, - angles, calcu-
lated with formulas (5) and (9% - share cutting angle,
A-A, B-B, C-C, D-D - cross sections of the mouldizba
and their shapes, (only selected horizontal corlines are
shown on the drawing)

The following function was formulated, in the sst of
coordinates: parallel and perpendicular to the gtou
movement, using Euler’s transformation for rotatafrco-
ordinates:

fzxy)=0
where:
x =xlcosg + ylsing;

3)

y =—-x1sing + yIcosg
(4)

The angleg is between the edge of the plough body shar

and perpendicular to its movement.

The anglesvwere calculated in vertical planes, parallel

to the plough body movement, for all points of tiedwork
on the regression surface, as between the tangéme sur-
face and horizontal. The angles were calculatedesiva-
tives of the function, given in equation (3):

of1
dz)__ ox (5)
w=arctan — |=—-—==-
(&) o
0z
The partial derivatives were calculated as follows:
o1 _(le, +2aW+3a,W?)2 +(a, +28,W+33,W2)2* + sing - coss
o + (o, +22,W+3a,W?)z+(a, +28,W +3a,W?)
(6)
%Lzs(a1 +a,W+aW?+ amW3)z2 +2(a2 +aW+a W+ anW3)z+
(a+aw+aw+a,w)
(7
CoefficientWwas introduced:
W = xsin ¢ +y cos¢ (8)
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The angles€gin horizontal planes were calculated in the
same way, as between the tangent to the surfaceemd
pendicular to the plough body movement. These angle
were calculated as derivatives:

a2

g= arctan(gij =- aiyz

0x

with adequate form of functiof2 and adequate formulas
and coefficients for partial derivatives.

The set of mean angles was selected on the bésis o
these calculated angles, as parameters of ploudy lbon-
nected to their specific resistance (table 1). rean cut-
ting angled of share in plane perpendicular to its edge was
also introduced as one of the parameters. All anglere
taken in radians.

For calculation of these angles was carried outlpro-
gram written specifically for the task in Pascaidaage.

©)

Table 1. Selected parameters of plough body, ptedeim the
analysis of the relationship between plough bodgpshand its
specific resistance

Paramete
of the
ofs\r/]v?)Fr)lf- Description
ing
surface

o Mean value of the anglesin vertical plane, for the
whole working surface

o Mean value of the anglesin vertical plane, at the
highest contour line
Mean value of the anglesin vertical plane, at the

on contour line for rated depth of ploughing of the ex
amined plough body

o Mean value of the anglé&in horizontal plane, for
the whole working surface
Mean value of the anglé&in horizontal plane, at

6én the contour line for rated depth of ploughing af th
examined plough body
Difference of the maximum and minimum valueg of

a the anglein horizontal plane

A Cutting angle of the share, in the plane perpendicu-
lar to its edge

3. Results and discussion
Specific resistance of plough body as related tosishape

The measurements of specific resistance for 7 ploug
body shapes were conducted in order to determmeetia-
tionship between plough body shape and its spe@fis-
tance (3 shapes in a soil bin and 4 shapes inifielkekstiga-
tions). The soil cone index" (at the full depth of plough-
ing), water content in the soiu® and working speedv”
were determined during all measurements. The selran
acteristic angles (see table 1) were also calalifsteeach
plough body. The angles were combined by multigilice
with p, u, v as well as wittpxu, pxv, uxv andpxuxv. The
matrix of 7 angles 7 working conditions was determined
as a result, and it gave for all plough bodies #m&lrs
working conditions a set of 2597 values, with diffet spe-
cific resistance and different characteristics ofking sur-
face, related to the soil conditions.
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The following equation was found, using a stepwisgession, additionally corrected on the logirade:

- [+ pu(- 12862.2n - 152026x)

p(169564) + u(-17741.0Qz + 297 34502 + 1666506 )

} (10)

. [ p(8666025- 268002z — 163274)+ u (22329265 - 337897@)]\/2

+pu(- 39510 + 786194) + 166626n

where:

k — specific resistance of the plough body [kR/m

p — cone index [kN/r,

u— water content in the soil [kg of water/kg of admass],

v — working speed [m/s], all angles given in tableallians].

The results of large field investigations of 1@fetfient
ploughs shapes were taken, in order to verify th@ined
equation. These investigations were conducted guhiree
years, of several soil types and working conditiohbe

4. Conclusions

a) Plough body shape may be mathematically descriped b

a bicubic equation and its working surface is dedirwith

drawings of plough body working surfaces were ie th seven angles, introduced in this publication.

know before the field investigations. Mean valuésneas-

ured specific resistance were taken into consiaeraor

each plough body, soil condition and working spefeak.

the same parameters specific resistances werelaiaidu
using formula (10). Both, measured and calculat=llts

are compared in Fig. 2.

o k [kN/m?]
S 90 N
é 32 calculated A [N /\ A f\
S = WAV A VAW
SNINAVY ~
‘é’_ 20 -V measured

1,39 1,94 25  v[mis]

working speed and plough body type

Fig. 2. Calculated and measured values of sperfiis-
tance of different plough bodies: bending pointslioés
refer to the different plough bodies

The analysis of differences between measured ahd c

culated values showed that there is not a stalbtisig-
nificant difference between both sets of valuethat95.0%
confidence level. The absolute error value is &BBm?,
which is 7.2% of the mean value. The correlatioeffio
cient of the linear regression between calculateti raeas-
ured values was R = 0.848. The statistical analysii€ate,
that the proposed relationship between the plougtty b
shape and its specific resistance has been satisfacon-
firmed by the field investigations.
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b) The elaborated equation, based on the introducgiésn
as well as on the soil conditions and working spedidws
for comparative forecasting of specific resistanteliffer-
ent plough bodies, using the data from the plougtwihg
design.

c) The results of this elaborated equation were ardly
statistical methods and may be considered valitliwithe
range of soil parameters and working speed coresidar
this paper.
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