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Chapter

Study of the Parameters
of the Planner with a Screw
Working Body

Juraev Tojiddin Khayrullaevich,
Norov Sobirjon Negmurodovich
and Musulmanov Furqat Shodiyevich

Abstract

This chapter examined the theoretical background of the use of a screw working
body in front of the planner bucket and conducting experiments in laboratory
conditions with the proposed working body. This work supports the practical solu-
tion of using a screw working particle in the current field planning. Significance of
the work reducing traction resistance to soil movement up to 20% enables the
tractor unit to work at higher speeds of translational motion; the latter contributes
to increased productivity, improved planning quality and reduced cash costs per
unit of work performed. The chapter was prepared under results of research in the
Mechanics Laboratory of Bukhara Engineering Technological Institute.

Keywords: productivity of the screw working body, translational speed of the
planning unit, screw pitch, screw diameter, drawing prisms

1. Introduction

Further development of agriculture in modern conditions determines the intro-
duction of new advanced technologies and machines for their implementation.

As we know, for increase of volume agricultural products, it is need to intensifi-
cation of agricultural production, one of the means of which is wide land reclama-
tion, which provides, as one of the most important measures, the planning of the
irrigated land surface. Alignment of the surface of the fields by the long-base
planners is of great importance in the range of planning works, and research work
to improve these planners is carried out both in Uzbekistan and abroad.

The analysis of the state of the issue showed the need to improve the quality of
planning work, increase the productivity of long-base planners and increase the
levelling ability of the latter [1, 2].

2. Literature review

By world and domestic farming practices, it has been proved that planning or
levelling the surface of the fields is the main land reclamation measure designed
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to eliminate irregularities on the field under sowing in the form of various rise
and falls.

Many domestic and foreign scientific works [3-6] have been published on the
need for field planning, authors of which have been examined the issue from
different perspectives and pointed out the advantages of this operation. Moreover,
there are many advantages, whether it is capital and operational planning or micro
alignment. Experiments have established that under conditions of turbulent terrain,
crop losses amount to 40% of the potential crop. Cotton grown on mounds and
lowlands gives raw cotton of lower quality: fibre strength, grade, ripeness, etc. are
reduced.

In areas with saline soil, a high-quality planning prevents the formation of saline
spots (areas) and thereby ensures sustainable yields of all types of crops [6, 7].
Flushing saline lands without planning are ineffective.

According to Ref. [6], it was established that uniform soil moisture is achieved
on the planned field, and the irrigation water consumption is significantly reduced.

In the United States, great importance is given to the planning of the surface of
irrigated areas. Annually, in this country, approximately more than half of the
irrigated areas are subject to planning [3, 6, 7]. Americans do not spare the cost of
land planning, as this increases income from irrigated land and reduces the cost of
production.

To ensure the high quality of the technological processes, including irrigation, it
is necessary to pay special attention to the capital planning and the mandatory
periodic implementation of the field operational planning.

3. Research methods

It is known that the magnitude and the nature of the change in the angular speed
of a material particle determine the productivity and energy indicators for
conveying the material with a screw [2, 8].

Let us consider the movement of a material particle of mass d,, located at point
O of an inclined cylindrical screw at a distance  from the axis of the screw
(Figures 1 and 2) and moving along the trajectory of the absolute movement AB;
the axes 7, b and 7 are, respectively, tangent, binormal and normal to the trajectory
of absolute motion [9]. The n axis is directed towards the centre of curvature and
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Figure 1.
Movement of a material particle of mass d,, located at point O.
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Figure 2.
Material particle of mass d,, located at point O of an inclined cylindrical screw at a distance r.
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Figure 3.
Particle’s absolute speed vector V.

coincides with the y axis. The Z axis is parallel to the axis of the screw, and the x and
y axes are located on tangent and normal in plane PP of the screw, perpendicular to
its axis IIIIII; GG horizontal plane.

The following forces impact on the soil particle: particle gravity Gr = gdm, which
can be divided into three components, axial Gr' = Gr.sin f,, (along the z axis), radial
G," = G,.cos P, cose (along the y axis) and tangent G,™ = G,.cosp,,sine (along the x
axis); centrifugal force F,, = w,% - u - d - m (along the y axis), friction force of a
particle on a blade casing Fy, (along the 7 axis), and friction force on a helical
surface F,; (at an angle of inclination of the helix a, to the x axis); tangential inertial
force, F,’, acting along the tangent to the trajectory of the absolute motion of the
particle (z axis) and directed opposite to the particle’s absolute speed vector V
(Figure 3); normal inertial force directed to the centre of curvature of the trajectory
(along the 7 axis); and normal reaction of the adjacent layer Fy, (along the 7 axis)
and the helical surface F,;, (at an angle a, to the z axis). f§,, is the angle of inclination
of the screw to the horizon; and ¢ is the current angle of rotation of the particle,
measured from the projection of the O, particle on the PP plane. The resultant F, of
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the normal reaction of the helical surface F;,, and the friction force against the
helical surface F,, = fF,, is deviated from the normal and the helical surface by the
angle of friction ¢ = arctgf, where f is the coefficient of friction of the soil over the
screw metal. If we consider that the loosened soil before the bucket of the planner is
clay, then the value of this coefficient is 0.6 ... 0.7. [8]

The friction force of a particle on a bucket caused by the combined action of
forces F, and G", is equal to:

Fp,=f,(Fy+G") = f (0 r+gcosp, - cose) -dm,

where f, and f, respectively, are the friction coefficients of the particle on the
bucket and the adjacent layer of material and the helical surface.
Absolute particle speed:

9 = \/19t2+19ZZV\/G)VZ-l-(a)—a)V)Z-th&lV (1)

where 9, is tangential particle speed at the radius » from the axis of the screw,
9 = w, - r; 9, is the axial speed of the particle at a radius » from the axis of the
screw, 9, = (@ - w,)tga,; @ is screw angular speed; and a, is the angle of inclination
of the helix of the screw on the radius » (Figure 2).

The tangent force of inertia is defined as follows:

o 2
Fut — ?dm — V[a)i’ (C() w7>tg aV] . d;)V dm (2)
t \/a)rz + (0 — a)r)ztgza, t
Normal inertial force:
F) =8 r, ' dm=r? [a)f + (0 — )" tgzar} 1+ tgzé)rl, (3)

where 1, is the radius of curvature of the trajectory at the selected point, r, =
r(1+ tg%0); and @ is the angle of inclination of the helix of the particle trajectory to
the axis X (Figure 2)

tg = 1ga,, (v — o), (4)

where a,, is screw helix angle at the periphery.

According to the D’Alembert’s principle [8], the equation of dynamic equilib-
rium of a material particle in the projections on the axis of the natural trihedral of
the trajectory (z,b,n)(Figure 2) will be

Zr = [F,sin(a, + 0 + ¢) — G, cos 0 — Fj,, — F," — G, sin6] - cose—

(5)

—(Fy+G"—F" —F,u) - sine=0,
Zb = +F, - cos(a, + 6 — ¢p) + G . sind— G,'- cos =0, (6)
Zn = (F, + G +FH — Fy,) - cose + [F,sin (a, + 0+ ¢)— o

—GM. cos@ — Fjy — F,} — G, sin6)] - sine

Solving these equations jointly, excluding the force F, from them, after the
corresponding transformation of the exception and time by expressing the
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elementary angle of rotation along the arc O;, O, (Figure 1) of the particle
de = (0 — w,)dt, we obtain:

sin(la, + ¢)ow, + cos (a, + ¢) -tga (0 — w,)
do,  cos(a, + ¢)w, — sin(a, + ¢)tga (0 — ;)
de (0 — o )r|w, — (0 — @y )tg?a,]

g sinf, - w, —g- cosp,sine - 1ga, (0 — w,)|—

- (0 — w,)r[w, — (0 — w,)tg?a,]

8
—f (0,> +g - cosp,, - cos ,s)x\/coy2 + (0 — o) - tg%a,— ®)
— —
(0 — w,)r|w, — (0 — w,)tga,]

—g - sinp,, -tga (w0 — w,) —g - cosf,, sine - w,
-
(0 — w,)r|w, — (0 — o,)tg’a,]

By integrating Eq. (8) by the Euler method [3], we can obtain the curves of the
dependence of , on ¢ for screws with different parameters.

In the inclined screw, there is a periodically steady motion of the material
particle. The maximum value of w,™** is on the plot with the values of the angle
2kn> &> (2k — 1)z, and the value of ®,™" is in the zone (2k + 1)z > & > 2kx, where
(k) is any number. In order to simplification for inclined screws, it is possible to
take the average value of the angular speed in the area of periodically steady motion:

e=(2k+1)n 2% (2k+1)
0, P = J -w,de = Or +§)’ (9)
e=2kr

The values of »,™** and w,™" can be found by progressive approximation from
Eq. (8), equating the right side to zero at ¢ = 2kz and ¢ = (2k + 1)z. However, for
practical purposes, the angular speed of a soil particle at the periphery of the screw
can be taken as:

for vertical screws, 0,4w <w,, <0, 5w,

for steeply inclined screws, (4, >30°) 0, 30 < @,, <0, 4w,

where ,,, is the particle angular speed at the periphery of the screw, sec™ .

The study of Eq. (8) showed that in a certain zone limited by the cylindrical
contour of the soil shaft, soil particles relatively quickly acquire the angular speed of
the screw and their lifting stops [8]. The value of the so-called critical radius 7,,
depends on the initial conditions and is determined from Eq. (8) after substituting
w, = w atdw,/de = 0.

In the horizontal (f,, < 30°) screw, during the period of steady motion, the
angular speed of the particle is zero. The angle of rotation of the particle €, at which
the steady motion begins, depends on the initial conditions and can be found from

Eq. (8):
e =arctg| f,sin (a, + ¢) cos '(a, + ¢)] (10)

Maximum productivity on loosened soil, determined by the throughput between
the upper turns of the screw will be:
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11 = J 39,dS, (11)

Tkp

where 7,, is the outer radius of the screw; 9, is the ground sliding speed on the
helical surface of the screw (relative speed); and dS is the elementary cross-
sectional area of the soil located between the upper turns in a plane perpendicular to
the relative speed vector.

The screw capacity in a dense body will be:

1f !
HT—ITPJ&V-ds, (12)

Kip

where k;, is soil loosening coefficient; for our case, k, = 1.14 ... 1.28 [8].

Soil in the cross section of the screw by a plane, passing through the axis of the
screw, occupies an area bounded from below by a straight-line perpendicular to the
axis of the screw (Figure 4). Then in the cross section, we get a rectangle of length
I", which can be taken equal to the pitch of the screw I = I',,.

The elementary area of soil cross-section at a distance  from the screw axis will
be equal to:

-1

dS =dS; - cosa, = 1',,d, cosa, = 2xl*,, (\/47[2 7?4 (llm)2> -rd,, (13)

where dS; is the elementary area of soil in axial cross-section (Figure 4).
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Figure 4.
Position of soil area in the cross section of the screw.
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In horizontal and gently dipping screws at inclination angle f,, < 30°, the angular
speed of the material particle is @?,, = 0. To calculate the capacity (m?>/h), we can
use [1] the following formula:

My = 450(d,” — dp*)l'o - KuKs - K, 72, (14)

where d,,, d,, respectively, are the diameters of the screw and shaft, m; K|, is the
screw filling coefficient, for our case we can take equal to K}, = 0,2 ... 0,4; and Kj is
the coefficient taking into account the angle of inclination of the screw to the
horizon g, K; = 1,0... 0,8 [8].

3.1 Selection and justification of the main parameters of the screw

The main parameters of working elements of the screw include the length of the
conveying part—I,,, the length of the cutting part—I,, the diameter of the screw—
d.., peripheral speed on the cutting edge—39,,,,, the pitch of the screw—I",, and the
working speed of movement—3,,.

The length of the conveying and cutting parts of the screw is taken construc-
tively, based on the type of screw and the parameters of the medium being
processed. For preliminary calculations, we can take the length of the conveying
part of the horizontally located screw [,, = 1, = (0,7... 0,8) 6,, where 6, is the width
of the planner scoop.

The diameter of the screw 4, with a horizontal working body at the given
productivity I1," = TI, can be determined from formula (14) after some
transformations, m;

Ay > \/HT1 K (9008, - KK, - Kp) " +d?, (15)

where 9, is the peripheral speed on the cutting edge of the screw, 9, = 1.5 ...
3 m/sec; and K, is the coefficient taking into account the inclination of the cutting
edge of the screw, K, = I./d, = 0,7...1,0. Other designations see from the
formula (14).

The step of the horizontal screw 1%, is taken equal to I, = K.d,, the value of K,, is
taken depending on the inclination of the cutting edge of the screw. For our case,
we can take K,, equal to 0.85.

The working speed of the soil movement with the screw should be equal to the
speed of filling the planner bucket with soil. The latter depends on the forward
speed of movement of the planner. For our case, with a certain accuracy, we can
take 9,, = 8406 = 91, Where 9., is the speed of the soil movement with the screw, 9,
is the speed of filling the planner bucket with soil and 9, is the forward speed of the
planner, m/s.

The working speed of the planner’s movement can also be determined from the
conditions for ensuring a given efficiency on a cut of soil with the planner’s bucket.
For a horizontal screw, operating speed (8,) of movement is (m/s):

p=Mr-1,” - h, ", (16)

where I, is the efficiency of the planning unit on cut of soil, m?>/sec; [, is the
cutting length of the planner’s knife, m; and h,, is the thickness of the cut soil
layer, m.

Based on the analysis of the above theoretical background in the determination
of the efficiency of the screw working body, it is suggested that with the increase in
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the speed of rotation and in diameters of the screw, the productivity of the screw
working body increases. The screw pitch is also of great importance, with an
increase in which the volume of soil moved to the sidewalls of the planner bucket
increases, which in turn contributes to an even distribution of the soil of the
drawing prism along the width of the planner passage. With an increase in the speed
of forward movement of the planner increases the working capacity of the screw
working body, that is screws move a large volume of soil to the sides relative to each
other. However, such an improvement in the work of working element of the screw
for our case, as shown by selective experiments with the experimental sample of a
mini-planner, occurs up to a speed of 2 m/s of the forward movement of the unit.
Above this speed, the screws begin to become clogged with soil, and the technolog-
ical process of the screw working body is violated.

We derived the equation of traction resistance of the planner, which has the
following form:

[sinp(1— f*)2f cospz-S

1 p
P=fG, =, PPte? t2(45——)
FaCon G B+ 01— i) + cos B O)(u v f) 370 & 9ok 2t
, 2V2sin2'§
+an f COS ﬂ —+ tgp + W

(17)

where f, — planner rolling resistance coefficient; G, — mass of the planner; f—
cutting angle; f, u— coefficients of friction of soil on steel and soil on soil; 7— shear
stress; S— shear area; 0— shear angle; 4,— volumetric mass of soil as in the function
of movement speed; [— bucket side length; ¢, — angle of slope of the soil roller
during movement; G,, — mass of the soil roller; V— unit movement speed; and
Kycm— coefficient taking into account the design of the rear wall of the bucket [10].

4, Results and discussion

From the analysis and conclusions we can see that with the increase in the
rotation speed and diameter of the screw, the productivity of the screw working
element increases. The screw pitch is also of great importance, with an increase in
which increases the amount of soil movement to the sidewalls of the planner
bucket, which in turn contributes to uniform distribution of the soil of the drawing
prism along the width of the planner. With the increase in the speed of translational
movement of the planner increases the functionality of the screw working element,
that is the screws move a large volume of soil to the sides relative to each other.
Below in Figure 5, the location of the screws in the bucket of the planner is shown.

However, such improvement in the work of the screw working element for our
case, as shown by selective experiments with the experimental sample of a mini-
planner, occurs up to the speed of 2 m/s of translational movement of the unit.
Above this speed, the screws begin to be clogged with soil, and the technological
process of the screw working body is violated. Below in Figure 6, experimental
sample of a mini-planner with a screw working body is shown.

The above analysis requires investigating the productivity of the screw working
body, depending on the rotation speed, diameter and pitch of the screw. Therein,
the translational speed of the planning unit is also of significant importance.
Because, the volume of the planner’s bucket filled with soil per unit of time should
be equal to the volume of the processed soil by the screws.

8
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Figure 5.
Scheme of the location of the screws in the bucket of the planner (1—vear wall of the bucket, 2—tank walls,
3—knife of the rear wall and 4—screws).

Figure 6.
General view of the experimental prototype of the mini planner.

Below are the curves (Figures 7-9) of the change in productivity of the screw
working element of the planner depending on the rotation speed, diameter and
pitch of the screw.

As we can see from the graph (Figure 7), with the increase in screw rotation, the
screw productivity is directly proportional to screw rotation. At a screw rotation of
40 rpm, the screw capacity is 2.56 m>/h, and at screw rotation of 240 rpm, the screw
capacity increases to 15.38 m>/h. That is, the productivity of the screw increases by
six times. This increase in productivity approximately corresponds to the desired
performance of the planning unit.

The change in the performance of the screw in the function (D;) of the diameter
of the screw is shown in Figure 8.

Analysing this graph, we can say that the change in productivity along its
diameter has curvilinear nature. Moreover, part of the curve to the point
corresponding to Dg = 180 mm is a power-law nature, and then the curve changes
linearly. Further increase in the diameter of the screw (D;) leads to the increase in
its productivity so that the planner will not be able to provide the screws with soil
for their normal operation. In addition, the increase in the given productivity of the

9
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Figure 7.

Change of the productivity of the screw working element depending on the speed of rotation of the screws
(at Dy = 0.18m, S, = 0.15 m and K, = 0.28—bucket filling ratio).

My, m’fu.
21 3

18 o

15 /t
12 /"
9

———

30 &0 90 120 150 180 D, nma.

o w o

Figure 8.
Change in productivity of the screw working element depending on the diameter (Ds) of the screw
(at S; = 0.15 m, n; = 240 rpm and K,, = 0.28).

scheduler, which is accompanied by the increase in the translational speed of the
movement of the unit above 7.5 km/h, leads to a disruption of the technological
process of planning and the decrease in the quality indicators of field levelness [3].

The graph of the performance of the screw working element depending on the
pitch (S,,) of the screw is shown in Figure 9.

As we can see from the graph, with the increase in the pitch of the screw (S;), its
productivity changes in direct proportion to the changes in the pitch (S;), that is the
functional change in the curve is linear. If with a screw pitch of 30 mm, the screw
capacity is 3.07 m>/h, then with a screw pitch of 180 mm, the productivity increases
to 18.45 m>/h, that is it increases six times.

Analysis of the graph (Figure 9) shows that increasing the screw pitch to
180 mm increases the capacity to 18.45 m>/h, which is almost to 3 m® more than at
the screw pitch S = 150 mm. Such an increase in the productivity of the screw

10
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Figure 9.
Change in the productivity of the screw working element depending on the pitch (S;) of the screw
(at Ds = 0.18 m, n; = 240 rpm and K,, = 0.28).

working element could be obtained with a further increase in its diameter (Dy). But
it is known that the increase in the diameter (D) of the screw is accompanied by
greater energy consumption during its operation compared to the increase in the
pitch of the screw. Therefore, a theoretical study of the work of the screw working
element in the bucket of the planner allows us to conclude that for a given produc-
tivity of the planning unit, it is advantageous and advisable to use the screw
parameters: D = 180 mm, n, = 240 rpm and screw pitch S; = 180 mm.

Increase in the productivity of the screw working element due to the increase in
the pitch of the screw reduces the metal consumption of the screw and the
corresponding material costs in comparison with the increase in the diameter (D)
of the screw. In addition, further increase in the diameter of the screw causes
difficulties in their layout in the bucket of the planner.

Using the methodology for conducting scientific research and processing the
obtained data [2, 10], we derived empirical equations (formulas) of dependencies
Y =f(nu), y =f(Dw) and y = f(S,,). For the graphs of Figures 7-9, respectively,
¥y, =0,064X;y, = 474, 7X?%; and y5 = 102, 5X, the curve of which is consistent with
the curves shown in Figures 7-9.

The screw working body surface was geometrically modelled by corresponding
author and the offered geometric models give possibility to control engineering and
technological parameters by optimization of geometric parameters of working sur-
face, which may use this possibility in designing the working body of screw plan-
ners through exporting CAD models to CAE system [9, 11-15].

11
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