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INTRODUCTION

It is known from our previous investigation [1] that the draft resistance of
ploughs depends on such soil properties as its hardness, density, friction and
adhesion. However, there were no analytical correlations that would enable to
determine the draft resistance of the share-mouldboard surface and the plough
body as a whole, depending on their properties.

The purpose of the investigation is to estimate forces acting upon the
surfaces of the plough body and the impact of physical and mechanical
properties of soil on its draft resistance.

OBJECT AND METHODS OF RESEARCH

The object of the research is the draft resistance of the plough body
depending on its design parameters, as well as physical and mechanical
properties of soil. On the basis of previous investigations [1], a computer
algorithm has been worked out for the simulation of the forces exerted by
soil upon operating (lifting and supporting) surfaces of the plough body,
and draft resistance caused by these forces.

According to our previous investigations [1], draft resistance R, of the
plough body is determined by share cutting resistance Rp, the resistance caused
by weight Rg, of the strip lifted, by inertia forces R, , by soil adhesion R,, and
by weight Ry, of the plough body itself (including part of weight of the plough).
However, the latter is not dependent on plough parameters.

Rx:zRix:RPx+RGx+RJx+RAx+RQx9 (1)
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Vertical reaction R. and lateral reaction R, of the operating part are defined
by corresponding partial reactions:

R.=%Rs; R,=3R,, (2;3)

Total draft resistance R, of the operating part is composed of the resistance of
working surface R, and the resistance of supporting (lower and lateral) surfaces R ,:

Rx = R)’c +R)'c’ = ZR;x +f0 (ZRiZ + le'y +pry Sxy + Pxz sz) 4 (4)

where:
fo—is the coefficient of soil friction along working and supporting surfaces of operating part;
Dy and p .. — specific adhesion force, respectively, to lower and lateral supporting sur-
faces of the operating part;
S,y and S, — the surface area, respectively, of the lower and the lateral supporting surfaces
of the operating part.

Friction resistance F, is a constituent part of these reactions and their com-
ponents, and by analogy we can write that

F;:ZF};C=Flgx+Féx+F}x+F1:1x+Féx:R)IC_R;O’ (5)
F;:fO(Rz +Ry +pry Sxy + P 4xz sz):R;’ (6)
Fo=F+F.", (7

Friction resistance is defined as the difference between total resistance (ge-
neral value of the partial resistance) and resistance R,, in operation without fric-
tion (fy = 0).

Fix = Rix - Rixu; Fx = Rx - Rxoa (8a 9)

Ratio Ar of friction resistance in partial and total resistance (reaction) is de-
termined from their correlation:

Ar, = Fy Ry, Jp =F, R/, (10; 11)

Further we discuss the impact of friction on each partial resistance of the
plough body.

RESULTS AND DISCUSSION

Cutting resistance R p, is proportional to soil hardness p, and the share edge
surface area w:

! .
Rp=kypoow=k,pyib, (12)
where:
k, — the coefficient involving the impact of the frontal surface shape of the ploughshare
edge;
i and b — thickness and width of the edge.
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It is evident from the formula (12) that the friction of soil along the edge
does not influence cutting resistance of the edge.

At a sharp ploughshare (the rear bevel is absent) Rp,= 0.

At an inclined ploughshare lateral reaction Rp, arises, its value being af-
fected by the friction reaction.

Rey=kypoib ctg (y+9,), (13)
where:

y — the inclination angle of the edge towards the direction of movement (the wall of the furrow);
9, the angle of friction.

When friction is absent, fo =0, ¢,=0

and
Rpyo = kypoib ctgy, (14)

The friction of soil along the ploughshare edge reduces the lateral pressure of
the ploughshare (the pressure of the plough body against the wall of the furrow).
The resistance of the supporting surface

R'p=kypoibf ctg(y+9,)=F p, (15)
Total cutting resistance
Rpc=lkypoib [1+ £, cig (y + 9], (16)

The lateral cutting resistance of the knife is determined by formulae, similar
to those for the cutting resistance from below. Consequently, similar to the
above formulae will also be the formulae defining the impact of friction on the
total resistance of the knife.

Resistance caused by the weight of the lifted strip:

R'Gx ~ qégkyrsin -1 y*
*{ [(sin y cos &, + cos 2 ysin 1 y)efosin7(ame)
- (sin ¥ cos &, + cos % ysin " y)]cos & + 17)

Sosin y(e,-¢p)

+ (cos ¢qe —cos &, )(cos €, — fj sin & sin 7/)71 *

* sin gl[sin g sin y + f(sin % y cos &) + cos 2 7/)] }

Ro ~qdgrsin™ y(s;-¢1), (18)

Rq, ~ qégrsin_1 7 (& —&)(& +0.52) ctgy (19)
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”zefO (RGZ+RGy)=Féx (20)
Resistance caused by inertia forces:
v 2,1 . 2 -1\
R) =q 6v'k, sin }/{ (sin y cosg; +cos” ysin y)

* /oSN (E82) _ (giny cose, +cos” ysinT y) +

. 21)
+(cosg — fysin g sin ) efosin(E276)
sing|sin & sin y + f, (sin2 y cosg + cos’ 7/)] }
R,.=qd vzk;1 sin y sin &, /057 (274 (22)
Ry ~q 5v2k;1 siny cosy (1—cos¢&,) (23)
R}, = fo(Ry +Ry) = F., (24)
Resistance caused by soil adhesion:
R, =p, brsiny (e/o s 7 (E278)_1)x
*{ sinycosg +cosysin’! 7 +(cosg; — [ sing siny) ™ * (25)
*sing [singl siny + fo(sin2 Y Cosg +c0527)] }
Ri=0 (26)
Ry=0 (27)
R//Ax :fé (pry Sxy + prz sz) = F/Ax (28)

Where:
q — area of cross section of the strip to be lifted,;
0 — soil density;
ky — soil compaction coefficient in front of the operating part;

fU — coefficient of soil friction against the surface of the operating element;

v — movement speed of the plough body;
P, specific force of soil adhesion to the operating surface;

b — surface width of a soil strip;
¢, and ¢, are correspondingly the initial and final angles of the lifting (share- mouldboard);
g — acceleration caused by gravity (g = 9,81).

As an example, Figure 1 shows the draft resistance of the share-
mould-board surface having the initial lifting angle ¢; =30° and the final
lifting angle &, =100°.
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Fig. 1. Impact of the soil friction coefficient f, upon the draft resistance of the plough body share-mouldboard
(lifting ) surface at various inclination angles y of the horizontal generatrices and speeds

It is evident that friction resistance constitutes a 36-52% of the total resis-
tance of the lifting surface.

CONCLUSIONS

1. The derived analytical correlations allow to determine draft resistance of
the share-mouldboard surface and the resistance of supporting surfaces of the
plough body depending on the value of soil hardness, density, adhesion, friction
coefficient, as well as on the parameters of the plough body and its working speed.

2. The impact of friction upon draft resistance of the plough is significant. It
constitutes approximately one half of its total draft resistance including the resis-
tance of the supporting surfaces (25-32%).



20 Arvids Vilde, Adolfs Rucins

3. Increasing the angle of inclination between the horizontal generatix of the
share mouldboard surface and the direction of travel of the plough, as well as
higher working speed lead to a lower proportion of friction resistance in the total
resistance of the plough.

4. The main ways of lowering friction resistance and the total draft resistance
of the plough are the introduction of a more rational design of its body having
optimum parameters, decreasing the values of reactions of supporting surfaces, the
application of antifriction materials and the replacement of slipping surfaces by
moving ones.
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SUMMARY

By using analytical correlations derived as a result of theoretical research, a computer algorithm has
been worked out for simulating the functions of the plough body and the forces exerted by soil upon the
operating parts, as well as its draft resistance. These correlations allow to determine the draft resistance of the
plough depending on the parameters of its body, as well as to evaluate the impact of the physical and
mechanical properties of soil upon it. They considerably influence the draft resistance of the body and,
respectively, the energy capacity of ploughing and fuel consumption. The greatest influence upon it is exerted
by soil hardness, density and slip resistance along the surfaces of the operating parts. The latter is also affected
by soil adhesion, which manifests itself particularly in wet clay soils at lower temperatures. The maximum
plough resistance occurs in caked clay soils, the minimum — in sandy soils.



