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Abstract. It is shown that a special shovel is a featurthefstructure of the drives of the main
mechanisms (mechanisms of lifting and pressure)cafeer excavators with working
equipment, the presence in the transfer device tfcacrank-lever mechanism of working
equipment that connects the main mechanisms wihatbrking body (bucket). In this case,
the transformation of the mechanical energy pararsebf the motors into energy-force
parameters realized at the cutting edge of the diut&eth) takes place depending on the type
of the kinematic scheme of the two-link-lever madkm. The concept of "control function”
defining the relationship between the parametessatterizing the position of the bucket in
the face (the coordinates of the tip of the cutidge of the bucket, the digging speed) and the
required control level are introduced. These aee \thlues of the lifting and head speeds
ensuring the bucket movement along a given trajgcto

1. Introduction

One of the main reserves of productivity growth foareer excavators is the formation and
maintenance of rational modes of joint operationtrid main executive mechanisms (lifting and
pressure) in the digging process for specific dpggaconditions that ensure the full implementation
of the technical capabilities of equipment and dlegree of use of the installed capacity of power
equipment.

The operating modes of the engines of the executhechanisms (lifting and pressure
mechanisms) of career excavators are charactebyeal large number of inclusions, a significant
variation in the loads and speeds of work movemdrtie management of the workflow under these
conditions (a large amount of information aboutwek process, a time deficit) is difficult.

The analysis of the control systems of the diggangcess [1, 2, 3] shows that the main factor
affecting the efficiency of the process is theidiffty in identifying the state of the control obje

Improving the quality and efficiency of managemesquires combining the systems of a mining
excavator - mechanical, electrical, informatiom, @hto a mechatronic facility with computer catr

The reduction of the various types of connectidmsefnatic, energy, etc.) into a single theoretical
model will make it possible to create an adapte-adjusting workflow control system for specific
mining conditions.
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2. Purpose and objectives of the study
The goal is to improve the efficiency of workflowamagement on the basis of identification of the
modes of operation of executive mechanisms.

Problems solved in this work:

- analysis of the degree of transformation by thet mechanism of the working equipment of the
regime parameters of the main executive mechanispeeds and forces of lifting and pressure) into
the energy-force parameters realized on the ladli@gl excavation;

- establishment of interrelations between the regparameters of the main mechanisms and
parameters of the excavation process (trajectorth@fbucket displacement, digging speed, cutting
angle, etc.);

- determination of the control functions of the manechanisms in the implementation of the
specified bucket trajectory.

3. Solving resear ch problems
The basis for the development of a drive contrdtay for the main mechanisms of a mining
excavator is the simulation model of the excavagimotess as a control object [4, 5].

As a method of research, a computational experimead adopted. For algorithmic models,
experimentation using a model is identical to firgdithe values of output characteristics for given
values of input variables and constant argumentieudifferent operating conditions. A search of
variants of solutions is carried out with a givéspsof variation. During the calculation and cadiion
of the mathematical model, information about thectionality of the control object is accumulated.
The results of simulation are a set of computatidata characterizing the process under study.

Modes of operation of the main working mechanislifiisng and pressure mechanisms) of mining
excavators depend significantly on the mining cbods of development and, mainly, the physical
and mechanical properties of rocks [6-14].

The control of the working process of excavationgists in the realization of the speeds of the
working movements (lifting and head speeds) praxjdhe specified trajectories of the bucket motion
(the tops of the cutting edge) -equidistant (cumezsoved at the same distance equal to the thisknes
of the layer of the cut rock layer) for connected &lown semi- rocky rocks, and broken (with bends)
curves for poor preparation of rock mass (the pres®f oversized and large pieces with dimensions
of 0.5-1.0 m).

Alayered excavation of rocks when the bucket (tipeof the cutting edge) is moved along
equidistant trajectories parallel to the slopehafliedge is accepted as the main working operafian
mining excavator.

In the work based on the mathematical model ofwibeking process of a mining excavator, a
computational experiment was performed to calcula¢espeeds of the working motions of the main
mechanisms when the bucket is moved within thevatoa working area.

The excavator ECG-20 (ECG-20A) manufactured by PUg0mashzavod was used as an object
of computational experiment.

The values of the initial data for calculating tiegime parameters of the main mechanisms are as
follows:

- angles of inclination of the trajectories of thecket displacement (tip of the cutting edge - f®in
K) are taken to b = 50, 60 and 70 degrees, which corresponds t@cheal values of the slope
angles of the slope;

- digging speed V=1m/s;

- maximum digging radius Rax = 24 m; the maximum digging height ig kkx= 18 m.

Figure 1 shows the calculated trajectories of tekbt displacement within the working area of the
excavator - the initial, medium and final ones.

Tables 1-3 give the calculated values of the speédsorking movements when the bucket is
moved along equidistant trajectories (initial, meddnd final) with different angles of inclination.
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Figure 1. Working area of a mining  Figure 2. Kinematic scheme of the

excavator (mehlopaty): working equipment mechanism:
X0Y - coordinate system: 0X - stand level of 1 _|ink "handle-bucket": 2 - saddle

the excavator; 0Y - the axis of rotation of the bearing; 3- fragment of the hoisting rope;
platform; H, - height of the axis of the 4. head unity, B, 7, ¢1. 92 v - angles

pressure shaftH.max - maximum digging  defining the positions of the links
height; R max - the maximum digging radius;

Re.memins Ree us max- Minimum and maximum
digging radii at the level of standing of the
excavator.

As follows from the data given, the rates of liffiand pressure vary depending on the digging
height, and the digging radius, i.e. the trajectufrthe bucket displacement - initial, middle anwhf.

Table 1. Speeds of working movements when bucket is mol@thaequidistant trajectories

(y=50°)

v Initial trajectory Middle trajectory Final trajectory

‘ X Vi Vy X Vi Vi X Vi Vi
0 9 0.92 -0.77 13 0.82 -0.53 14 0.80 -0.46
2 10.7 0.86 -0.65 14.7 0.76 -0.35 15.7 0.73 -0.28
4 12.4 0.76 -0.46 16.4 0.68 -0.13 17.4 0.66 -0.06
6 14.1 0.65 -0.17 18.1 0.61 0.11 19.1 0.59 0.16
8 15.8 0.60 0.17 19.8 0.55 0.34 20.8 0.51 0.36
10 17.5 0.63 0.45 21.5 0.45 0.51 22.5 0.38 0.52
12 19.2 0.64 0.64 23.2 0.26 0.64 24.2* 0.17 0.64
14 20,9 0.49 0.76 24.9* -0.01 0.73
16 22.6 0.09 0.83
18 24.3* -0.36 0.88

* Not implemented (point K is outside the work grea
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Table 2. Speeds of working movements when bucket is mol@wyaequidistant trajectories

(y=60°)
v Initial trajectory Middle trajectory Final trajectory
) X Vi, V, X Vi, Vi X Vi, V,
0 9 0.95 -0.87 13 0.89 -0.67 17 0.81 -0.44
2 10.15 0.91 -0.81 14.15 0.84 -0.54 18.15 0.76 0-0.3
4 11.3 0.84 -0.70 15.3 0.77 -0.37 19.3 0.70 -0.14
6 12.45 0.70 -0.51 16.45 0.70 -0.16 20.45 0.64 0.04
8 13.6 0.52 -0.19 17.6 0.66 0.09 21.6 0.58 0.21
10 14.75 0.50 0.19 18.75 0.66 0.32 22.75 0.49 0.37
12 15.9 0.66 0.50 19.9 0.65 0.50 23.9 0.34 0.50
14 17.05 0.80 0.70 21.05 0.57 0.64 25.05* 0.13 0.60
16 18.2 0.89 0.81 22.2 0.30 0.73
18 19.35 0.93 0,87 23.35* -0.13 0.80
* Not implemented (point K is outside the work grea
Table 3. Speeds of working movements when bucket is mol@tyaequidistant trajectories
(y=70°)
y Initial trajectory Middle trajectory Final trajectory
“ X V, V, X V, V, X« V, V,
12 0.93 -0.83 13 0.92 -0.79 17 0.87 -0.59

0

2 12,75 0.89 -0.76 13.75 0.88 -0.70 17.75 084 804
4 13.5 0.82 -0.65 14.5 0.81 -0.58 18.5 0.79 -0.35
6 14.25 0.71 -0.48 15.25 0.72 -0.41 19.25 0.74 80.1
8 15 0.59 -0.24 16 0.64 -0.17 20 0.71 0.0
10 15.75 0.55 0.06 16.75 0.62 0.10 20.75 0.67 0.18
12 16.5 0.63 0.34 17.5 0.68 0.34 21.5 0.63 0.34
14 17.25 0.74 0.56 18.25 0.76 0.53 22.25 0.53 0.48
16 18 0.82 0.70 19 0.83 0.67 23 0.32 0.59
18 18.75 0.65 0.79 19.75 0.86 0.76 23.75* -0.01 70.6

* Not implemented (point K is outside the work grea

In general, the variation in the values of the megiparameters of the main mechanisms in the
process of excavation is determined by changinglisiances (linear and angular) between the links
of the working equipment mechanism and the direstiof the vectors of the rates of ascent, pressure,
and digging.

On the basis of the kinematic analysis of the twank mechanism of the working equipment of a
mining excavator (Figure 2), analytical expressioveye obtained to determine the relationships
between the parameters characterizing the positidhe bucket in the face and the required level of
control (lifting and head pressure, which ensueehiticket travels along a given trajectory) - fuoicsi
for controlling the drives of the lifting mechanisraf the FCF and the head of the FCS.

Expressions for the definition of control functidmsve the form:

Fog= ViCOSW =4y) .
sin@ -¢,)
_V.OCcosy-a).
< OKsin@-¢,) ’
FCF = FCk when moving the bucket at the bottom of the fade« 0.5t <y).
FCF = FCE when moving the bucket at the top of the fage € 0.5t > v)
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FCE =V.sin(@,+d+&-Y));
Ve = (VH2 +V(:21 + ZNHNC]. cos@ _¢2))0'5;
E= arcsi{wj ’
Vc
FCE =V, sin(@, +o0-£-y);
Ve = (VH2 +V(:21 —-2V,V cos@ - ¢2))0'5;
E= arcsi{wj ,
V

C

Y =Y
=arctg——2%—;
¢1 Xc - X01

a=¢+a,,
Q :arctg&'
° OA’

AK =(O,K?-0,A%%;
AC=AK-CK;
OK =((X, - ><01)2 +(Y, = Yo0) %)%,
Xc = Xy +O,Acosa + ACsina
Y. =Y, + OAsina - ACcosa ;

¢2 = arctgﬂ X

C 01

y= ar(:tgiYC Yo .
Xe = Xoz

In = ((XC - on)2 + (Yc _Yoz)z - RZ)O'S ;
0= arcthB,

Xo1r Y1 Xg,s Yy, — coordinates of the axis of pressure shafta@d the axis of head unit,O

(Figure 1);0,A, CK, R(O,D) - dimensions of the elements of the working empt.

The obtained analytical dependencies make it plesstb determine the required values of the
control functions (lifting speeds and head) acamydio a special computer program for the
implementation of the specified bucket trajectory.

4. Conclusion
Use of the proposed control functions in the engiastrol system of executive mechanisms will
improve the efficiency of a mining excavator in Gifie mining conditions of development.

The proposed method for calculating the regimerpaters (lifting and pressure rates) of the main
mechanisms of mining excavators by means of a noal@xperiment makes it possible to determine
the actual values of the speeds of working motianspecific mining conditions (slope dimensions,
type of bucket trajectory, etc.).

The establishment of interdependencies betweeretime parameters of the main mechanisms in
the process of excavating the soil can serve abdhis for the development of an adaptive workflow
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management system, which, by matching the speedgodfing movements in specific operating
conditions, improves the performance of the exaavat
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