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A MODEL FOR INFORMING HOW MICRORELIEF
INFLUENCES THE UNCONTROLLED
DISPLACEMENT OF A RIPPER’S WORKING
COMPONENTS

Intensive mastering of deposits of minerals and building of oil pipelines and
gas pipelines it i1s impossible without a modern earth-moving technique able to
develop strong and frozen soils. One of basic types of machines, that carry out
development of such soils there are hanging rippers on the base of crawlers, the
working process of that is characterized by the least power-hungriness.

In connection with that the frozen and strong soils have an increase durability,
development earthmovers is impossible without previous treatment sent to the
decline of resistance of soil to his further development [1].

The most effective way to destroy frozen and hard soils in terms of machine
performance and the cost of soil development is the horizontal layer-wise loosening
by the mounted rippers based on powerful tractors [2].

During horizontal loosening, a soil chip is torn off the massif'is in the direction
of the open surface, which is the least energy intensive. In this case, the efforts of
stretching (tearing) dominate, which are several times smaller than the efforts of
compression or shear [3].

In the brought works over the analysis of factors and the brought mathematical
equalizations over is carried out for position-finding of body ripper working, but the
informative model of influence of reaction of soil is not made at his destruction on
out of control moving of working body.

In the process of work of the ripping unit, its running hardware interacts with
the soil, which causes uncontrolled displacement of the working body in space. This
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leads to a change in the depth of loosening and, consequently, to a change in the soil
reaction on the working body.

In this connection it is necessary to work out the informative model of working
process of ripping unit.

Actual is a problem of further perfection of control system of ripping units, that
partly or fully eliminates a man-operator from the contours of management of
internal combustion engines and by position of working organ.

The aim of work is an increase of efficiency of ripping unit by determination
of component changes of torque of traction-engine depending on position working
of body ripper.

In order to construct a model, we apply an estimation scheme, in which the
caterpillar 1s divided into two semi-caterpillars, which interact with soil. They are
joined together via the frame.

Micro relief is generated from correlation function [4]:

R,()=c" eI cospl., 1)

where: G — is the root-mean-square deviation,

0, — are parameters that characterize correlation attenuation;

B, — are parameters that characterize correlation periodicity;

[ — is the length of the section.

For taking into consideration the leveling capability of caterpillars, we use an
expression in the discrete form [2]:
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where: k =05(M -1);
M — is the averaging interval;

y(m) — are the ordinates of the non-levelled micro relief.

We shall represent changes in the position of the working body depending on
displacements of the frame in the form of a dynamic link whose input is a change in

the vertical coordinate of the center of gravity of frame Ay, and whose output is a
change in the position of the working body Ay,, . Transfer function of such a link is

derived from ratio [4]:
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where: L —is a symbol of the Laplace transform.

In order to perform a Laplace transform, we accept ¥ (X) in the form of a step

function with a step height of /1, and we shall consider dependence Y,,(X) when
a ripping unit overcomes such an obstacle. In doing so, we shall take into
consideration that under practical conditions /i, is much less than a ripping unit's

base while a turning angle of the frame is very small.
Upon completing Laplace transforms (3), we obtain the following transfer
function:

Wi (p) = 20 g oo ooy gy eeer. 4
Ay(p) p

where: Ay,, — is a change in the vertical coordinate of the working body due to

uncontrolled displacements of the frame;

Ay —is a change in the vertical coordinate of the center of gravity of the ripper due

the action of micro relief on the running equipment;

ki, kyyp and ks, — are the gain factors;

Tpo — IS the time of delay.

Transfer function (4) allows us to represent informative model of change in the
position of the ripper's working body depending on displacements of the frame in
the form of a principal circuit shown in Fig. 1.
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Fig. 1. Principal circuit of the model of change in the position of the working
body depending on displacements of the frame
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A general informative model of the action of micro relief on uncontrolled
displacements of the working body can be represented in the form of a block
diagram, which is shown in Fig. 2.
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Fig. 2. Block diagram of a informative model for the action of micro relief on
uncontrolled displacements of the working body

Block diagram (Fig. 2) is a informative model of the process of action of micro
relief on uncontrolled displacements of the working body of a ripping unit, which
cause a change in the depth of loosening and, therefore, a change in the momentum
of resistance applied to the engine shaft. Micro relief is generated from correlation
function (1), the levelling capability of caterpillars is taken into consideration in
expression (2).

A transmission function (4) takes into account the change of position of
working body of ripper at the change of position of centre of gravity of frame.

Conclusions. The informative model of influence of reaction of soil offered
in-process at his destruction on out of control moving of working body is the sum
of low-frequency and high-frequency vibrations that present the reactions of soil on
the working bodies of ripper.

In the informative model of subsystem “Frame - a hanging equipment” is taken
into account the smoothed ability of caterpillar drive, and also influence of
inflexibility of pendant on out of control moving of working body of ripper.
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