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Abstract. While processing the soil with traditional plows at the same
depth, a plow sole is formed in the subsurface layer, which leads to a
deterioration in moisture absorption by the lower subsurface soil layer. As
a result, water erosion occurs on the slopes. To overcome these limitations,
the authors proposed an improved linear-step plow for soil slopes
processing. Analytical expressions were obtained for determination the
main parameters and traction resistance of the linearly-stepped broach-
plow. It was indicated that the turnover of the layers with the lowest energy
costs is provided with the following parameters of the plow of odd hulls:
plow length is 75 cm, plow width is 25 cm, stabilizing plate height is 15
cm, and the minimum distance from the ploughshare toe to the stabilizing
plate is 25 cm. An installation angle of the plate to the furrow bottom, the
length of the plate and the width of the wing holders, as well as the
physical and mechanical properties of the soil have a significant impact on
the traction resistance of the hedge.

1 Introduction

It is known [1, 2, 3, 4] that a plow sole is formed with annual ploughing by standard plows
at the same depth in the subsoil, the density of which exceeds by 2 or more the density of
the arable layer. On the slopes, a large difference in densities leads to a deterioration of the
moisture absorption by the lower subsurface soil layer. As a result, the subsurface drainage
and water erosion occurs on the slopes.

It is known that subsurface drainage can be adjusted using deep processing, step
ploughing, grounding, chipping and etc. [1, 2, 5, 6].

One of the promising ways of the main tillage is smooth ploughing using a new
technology, which involves a full turn (180°) of soil layers and laying them in their own
furrows. [7, 8, 9, 10, 11, 12]. This method is carried out with frontal and linear-step plows.

The linear-step plow consists of screw plow hulls displaced relative to each other. Each
hulls is equipped with broach-plows (broach-plow is an additional hull, mounted behind the
main hull of the front plow, which turns the soil layers for 180° and rolls them in one
direction) with working surfaces facing the reversible-dumping surfaces of the hulls [7, 8,
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9, 10]. When tilling the soil of the slopes with this plow, the bottom of the furrow and the
surface of arable land are smooth. As a result, the soil's ability to retain and accumulate
rainwater deteriorates, resulting in water erosion. In addition, the turnover of the layers on
the slopes of 180° within its own furrow requires high energy costs.

To address these limitations, the authors developed an improved linear-step plow for
tillage soil slopes.

2 Research Methods

The basic principles and methods of classical mechanics, mathematical analysis and
statistics were used in this study.

3 Results and Discussion

A broach-plow shifts the layer towards the main hull in the developed plow for ridge-
stepped ploughing [12]. As a result of the mutual impact on the soil hull and the additional
shifting working hull (broach-plow), the layer is wrapped around its longitudinal axis.
Therefore, the quality of the technological process of turning a layer by hull depends on the
location of the broach-plow relative to the main hull, as well as its design parameters.

In the plow for ridge-stepped ploughing, a broach-plow is attached to the main
plowshare of the hull with the help of a short plowshare (Fig. 1). A broach-plow consists of
a stabilizing plate 2 with a bracket, a short ploughshare 3 and a wing 4. A plowshare 3 of
the broiler is welded to the stabilizing plate 2. The wing is attached to the bracket
stabilizing plate 2. Equations should be centred and should be numbered with the number
on the right-hand side.

b,/2

~

1,

Fig. 1. Broach-plow and plow hull mutual arrangement

A stabilizing plate should act on the layer at the moment of the beginning the lifting of
its center of gravity. This will happen when the center of gravity of the layer enters the
plowshares of the hull. On this basis, the greatest distance from the toe of the plowshare to
the stabilizing plate is calculated below [9, 13]:

|, =050, ctgy. (1)

The distance from the plowshare toe in the horizontal surface to the point A of
intersection of the plowshare blade line with the longitudinal axis of the broach-plow’s
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stand is calculated using the formula below [9, 13]:

l,=D,cigy. @)

The distance from the point of intersection of the plowshare blade to the wing of the
broach-plow is equal to [13]:

| S

37 .- ’ 3

sin y )

where s — displacement dimension of the broach-plow plowshare plowshare relative to the

plowshare hull
The length of the stabilizing plate can be found from the condition that the wing of the

broach-plow will start to act from the point of contact of the broach-plow’s plowshare with
a stabilizing plate:

l,,, =11+ “)
Using the values /1, 2and /in (4.12), we obtain the formula below:
S
|, =05b ctgy+—. )
siny

As can be seen from (1), (2), (3) and (5) the rational location of the broach-plow relative
to the main hull and the length of the stabilizing plate depends on the width of the soil layer
(bp) and the blade plowshare hull’s angle of inclination to the furrow wall (y).

The height of the stabilizing plate h should be sufficient to shift the layer without
destroying it. This condition is achieved when the height of the action zone of the broach-
plow is greater than the height of the layer’s center of gravity. Based on this[9]:

h, =0,5a,,. ©)

The maximum depth of the plow is 30 cm. Then h>15 cm.

The front cutting part of the stabilizing plate is set at an angle ac to the horizon. The
angle is selected from the condition of cutting soil with a slip, i.e. a.<(m/2—¢).

Let’s take into consideration the forces acting on the broach-plow.

As can be seen from Fig. 2, the total traction resistance R, of the broach-plow is defined

as the sum of the horizontal component forces acting on the plowshare R}, stabilizing plate
R and broach-plow wing pr .

R ZR;I-FR;:]Z-FR)TP. 7)

3
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Fig. 2. Range of forces acting on the broach-plow

Traction resistance plowshare of the broach-plow consists of blade resistance Rf,

facets R} ? and surface friction force RY

R’=R” +R" +R”. ®)

Due to the slight tilt angle of the plowshare ¢ to the bottom of the furrow, we neglect the
tilt of the plowshare. Traction resistance of the blade, facet and friction forces on the
plowshare’s surface, respectively, are determined by the formula below [13]:

R” =o,0,(1+ f cosy), )
R = p— b (1+ f cosy), w0
sing, -
Rﬂf 'I:,Olb2 (11)

Then,

(12)

b (L+ f 0 )(08 + p— tﬂ )+ foib?,
sin
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where oy — temporary soil resistance to knife blade crushing; ¢ — blade thickness; p—
soil pressure on the facet of the plowshare; t,— thickness plowshare of the broach-plow; 8, —
plowshare sharpening angle of the broach-plow; p* — specific pressure on the plowshare
surface; b, — plowshare width of the broach-plow.

Stabilizing layers’s traction resistance (Fig. 3) consists of the blade’s resistance R,

facet R?" and friction forces on the surface of the layers R "

_ @ f
R!"=R!" +R{" +R/". @
The components of the stabilizing plate’s traction resistance are respectively determined
by:
R" =0oh, 61+ f cosa,), (14)
R — p—__h 1+ f cosa,), )
sinf3 .

h2

fn ni
Rx = fpl(Ithm B 2 Ctg ac)' (16)

Then,
R™ = (p—t’” +00)(l+ fcosa, )h +fo,(l h —h—"z”ctga )

X Sm ﬂm ¢/ nn pl cm na 2 c/r (A7)

where o, — angle of inclination of the blade plate to the bottom of the furrows in the
longitudinal-vertical surface; f — coefficient of soil friction on steel; 4, — leyer sharpening
angle; t,, — layer thickness; p; — specific pressure during the collapse of the lateral face of
the layer.

The traction resistance of the wing of the broach-plow is determined by the following
formula [13]

R” =kf,h_Db

Kp TKp ! (18)

where k — specific soil resistivity, f; — internal friction coefficient; h,, — middle wing
height; b,, — width of the wing in horizontal.
Incorporating (12), (17) and (18) into (7), we get:
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R, =b, {1+ f 0057)(00 + L) o £ + (P 5)
| sin f, "t sing,

2

x(L+ fcosa )+ fo,(l h %ctgac)Jrkflhb (19)

cm’na np - Kkp"

The resulting analytical expression allows us to determine the traction resistance of the
broach-plow depending on its design parameters and the physical and mechanical
properties of the soil.

Calculations using this formula for b,=0,5m; b,=0,032 M; 6=210° [Ta [1]; 0=0,004 wm;
f=0,5 [3]; f;=0,732 [3]; p=1,92'10" a [1]; p=1,64"10"IIa [1]; p,=1,64'10°IIa [3]; t,=0,015
M; 3,=25% B,,=25% 1,,=0,006 m; k=810" show that the traction resistance of the broach-
plow is determined by the installation angle of the plate to the bottom of the furrow o, the
plate length l¢,, and the width of the broach-plow wing b,,, as well as the physical and
mechanical properties of the soil.

With an increase in the angle of inclination of the plate’s blade from 35 to 850 (Fig. 3a),
the traction resistance of the broach-plow increases slightly by about 3.3%. IToatomy
3HAYEHHUE YIJIa O, BRIOUPAETCS U3 YCIOBUS PE3aHUS TIOYBBI CO CKOJIBKEHUEM, T.€.0,.<(1/2-¢).
VICXO/Ist U3 9TOTO YTOJI 0t IOIDKEH ObITh B mpeaenax 50-60°.

From Fig. 3, b and Fig. 3c, it is clear that the traction resistance of the broach-plow as a
function of the plate length and the width of the wing varies in a straight line.

A rational value of the broach-plow’s width of the wing must be chosen taking into
account the provision of incomplete turnover of the layer. It has been established that steady
incomplete turnover of the layer is carried out with a broach-plow’s wing width of 20-25
cm.

The maximum length of the stabilizing plate is determined by the formula (3). By b,=50
cm; y=45° and s=3 cm, maximum plate length is 29,24 cm.
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Fig. 3. The dependence of traction resistance of the broach-plow from the width of the wing b,,, and
plate length I.,, of the broach-plow

4 Conclusions

1. With a longitudinal distance between the hulls of 0.5 m, a required qualitative incomplete
turnover of the layers with the lowest energy costs is provided with the following broach-plow’s
parameters of the odd hulls: the length of the broach-plow is 75 cm, the width of the broach-
plow is 25 cm, the height of the stabilizing plate is 15 cm, and the minimum distance 25 cm.

2. An installation angle of the plate to the furrow bottom, the length of the plate and the
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width of the wing holders, as well as the physical and mechanical properties of the soil have a
significant impact on the traction resistance of the hedge.
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