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The method of determining the parameters of the soil
prism formed in front of the dump during digging
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Abstract. Problem. The studied dynamic process of digging, taking into account the variable
total moving mass of wheeled ETM equipped with a dump, is not sufficient for the development
of recommendations for selecting rational parameters for the performance of such a
technological operation. The issue of determining and analyzing the parameters of the variable
mass and volume of the material prism moved by the dumper has not been sufficiently
investigated. There in no engineering technique that allows you to determine the parameters of
the material prism that is gradually forming before dumping. Methodology. The measures are
aimed at determining the parameters of the soil prism before the dump in the digging process
using analytical dependencies. Results. For the processes of development and analysis of
dynamic models of machines with a shovel working body for the stages of digging and
transportation of material, it is necessary to take into account its mass in the form of mass
attached to the mass of the machine itself. Originality. The obtained dependencies allow to take
into account the variable mass of the attached material when performing the analysis of the
bulldozer movement in the process of digging the environment being developed. Practical
value. The obtained results can be recommended when studying the disciplines of industrial
mechanical engineering.
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Introduction

Among machines for earthworks, experts single
out earthmoving and transport machines (ETM)
in a separate group. These machines include
bulldozers, scrapers, motor graders and grader-
elevators. Some researchers also include single-
bucket front loaders in ETM. This division is due,
first of all, to the peculiarities of technological
operations. The driving force, which ensures the
execution of a technological operation, is
developed by the running equipment of such
machines. This means that the operations of
digging the soil, transporting it to the place of
unloading and returning ETM back to the
slaughterhouse are provided due to the driving
force that is formed in the contact zone of the
running equipment (tracks, wheels) with the
supporting surface. At the same time, a
significant part of the external supports (general
working supports) is perceived by the working
body. The ETM in the contact zone of the running

equipment and the support surface is additionally
affected by rolling resistance forces.

The operation of digging the developed envi-
ronment with a dump working body is accompa-
nied not only by the separation of shavings from
the soil massif, but also by its successive accu-
mulation in front of the dump in the form of a
prism of material. Since the mass of the prism can
be significant and comparable to the mass of the
ETM itself, the operation of digging the devel-
oped environment can be considered from the
point of view of the dynamics of solid bodies as
a stage of the undetermined movement of the
ETM. It should be especially taken into account
that the volume, and therefore the mass, of the
displaced material prism at this stage increases
from zero to its limit value. This fact can affect
the performance indicators of ETM. For example,
for a bulldozer in the situation of moving mined
material over short distances, the duration of the
digging stage can occupy a significant part of the
entire working cycle of the machine. Since not
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only the machine itself is moving, but also the
variable mass of material attached to it, which is
in the prism, it can be expected that the parame-
ters of this dynamic process will also change.

In particular, the duration of the stage of dig-
ging the mined material may change. Failure to
take into account this fact can lead to an incor-
rect assessment of the productivity of the ETM,
and the lack of analytical dependencies that
would take into account the variable mass of the
material prism formed before the dump, will not
allow to identify and analyze the dynamic char-
acteristics of the stage of digging the material
and develop measures to increase the productiv-
ity of the ETM.

Analysis of publications

In the works of K.O. Artemyeva, V.V. Nitschke,
L.A. Clouds and other authors, when calculating the
productivity of scrapers, it is recommended to take
into account the variable mass of soil in the bucket
of the machine during the digging operation [1-7].
The proposed analytical dependencies developed
by the researchers take into account the decrease in
the speed of the machine as the bucket is filled with
mined material.

For machines equipped with a dump working
body, calculations are usually performed only for
situations of maximum load. The proposed ap-
proach is applied to tracked machines, since the
slip coefficient of their running gear does not
change significantly with the increase of external
resistances and the increase of the total weight of
the machine and the transported material. On the
other hand, for wheeled ETM with a dump work-
ing body (wheeled bulldozers, motor graders),
the change of these parameters has a significant
effect on the real speed of ETM movement due to
an increase in the slip coefficient, which is con-
firmed by the works of M.O. Ulyanova, P.I.
Nikulin and their students. According to the con-
ducted studies, the slip coefficient of the wheel
ETM can be represented in the form of a polyno-
mial equations of the fifth-sixth degree on the to-
tal resistances acting on the ETM.

§=n "V _ AI+ B(Ij (1)
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where & — slip coefficient; v, — theoretical speed
of movement of wheeled ETM; v, — actual speed

of movement of the wheeled ETM; T is the
traction force on the driving moving wheels. This
effort in transient processes is equal to

~ {zw at IW<T, 2

T at ZW=T,

where W - total supports acting on the machine
during the digging operation of the material being
developed; T, — traction force under the

conditions of traction of the running equipment
with the support surface; R — support reaction on
leading drivers; A, B are empirical coefficients.

Equation (2) is valid for energy-saturated ma-
chines.

The analysis of scientific and technical infor-
mation dedicated to the study of the dynamics of
the digging process, taking into account the vari-
able total moving mass of wheeled ETM
equipped with a dump, is not sufficient for the de-
velopment of recommendations for the selection
of rational parameters for the performance of
such a technological operation. In addition, the
issue of determining and analyzing the parame-
ters of the variable mass and volume of the mate-
rial prism moved by the dumper has not been suf-
ficiently investigated.

This fact can be explained by the lack of an
engineering technique that allows you to deter-
mine the parameters of the material prism before
the dump, which is gradually formed.

Purpose and Tasks

The purpose of the proposed article is to develop
a method for calculating the parameters of the
material prism, which is formed in front of the
dump working body during the technological op-
eration of digging the developed environment.

Analysis of the parameters of the maximum
mass of the material prism, which is formed
before the dump of serial wheeled bulldozers

Within the framework of the conducted research,
it was decided to estimate the expected values of
the mass of the soil, which is moved by a bull-
dozer during technological operations. Caterpil-
lar Inc.'s wheeled bulldozers were chosen as the
research object. (see Fig. 1, 2) [8, 9]. During the
analysis, the following aspects were taken into
account:

— caterpillar Inc. supplies wheeled bulldozers
with four different dump types: straight, spheri-
cal, hemispherical and coal (see Fig. 3) [8, 9];

— dumps are intended for various technologi-
cal operations. A straight dumper performs stand-
ard bulldozer operations such as digging soil,
processing bulk materials and moving soil, min-
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erals and construction materials. Spherical scrap-
ers, thanks to their design features, make it possi-
ble to form larger prisms of the processed mate-
rial compared to straight scrapers. The company
generally recommends using them to move heavy
materials over long distances in the mining indus-
try. Hemispherical dumps occupy an intermedi-
ate position between straight and spherical
dumps. To work with light materials, for exam-
ple, to move coal, the company recommends us-
ing special coal dumps, which allow forming a
prism of material much larger than spherical
dumps. A rational choice of dump type, taking
into account the performed technological opera-
tion, allows to significantly increase the produc-
tivity of the bulldozer [8, 9];

The calculations take into account the maxi-
mum volume of the material prism formed in
front of each type of dump. This volume is regu-
lated by the Caterpillar company in its prospec-
tuses for the corresponding machines [8, 9].

Fi. 1. Caterbillar Inc. Wheelea bulldozer 8241(

Fig.:‘2.‘_C‘atérpilml"zﬁ'I'n-c.AWheeIed bu

et

IIdozer'. 854k

Fig. 3. Types of scrapers installed on Caterpillar
Inc. wheeled bulldozers: a — straight
scraper; b spherical ~ dump;
¢ — hemispherical dump; d - coal dump

The results of the calculations are given in
Table 1.

Table 1. The value of the mass of the soil (processed material) formed into a prism before the dump of the bulldozer

Brand N, Vy, : Oy, my
bulldozer Kkw | Mo t Dump type e Material tm? Ko mg, t m,
. difficult 0.228
direct 5.0 loam 195 | 1.26 | 7.74 (22.%)
spherical 7.7 0.335
824k 302 34 hemispherical 77 sand 1.7 | 115 | 11.38 (33.5%)
0.38
coal 16.2 coal 0.8 12.96 (36%)
. difficult 0.256
direct 7.9 loam 195 | 1.26 | 12,23 (25.6%)
spherical 111 16.4 (3943:'02)
834k 370 | 47.75 sand 1.7 | 115 .
hemispherical 10.1 14.9 0.313
' ' (31.3%)
0.372
coal 22.2 coal 0.8 17.76 (37.2%)
hemispherical 25.4 sand 1.7 1.15 | 34,55 (g73;/7)
854k 607 | 101.72 5 35"2
coal 447 coal 0.8 35,76 (35.2%)
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The following letter designations are used in
the table: N — nominal power of the bulldozer en-
gine, KW; my — bulldozer mass, t; V,, — the maxi-
mum volume of the material prism (according to
the company), m*; 5, — density of the material in

its natural state, t/m?; k, — coefficient of loosening
of the material; mg is the mass of the material in
the prism, i.e.

The density of coal is indicated for the loos-
ened state.

Analyzing the results of the performed calcu-
lations, it can be stated that the mass of material
in a fully formed prism can be compared with the
mass of the bulldozer itself and, depending on the
type of dump and the characteristics of the envi-
ronment being developed, can be from 23% to
38% of the mass of the machine itself. This fact
can significantly affect the dynamic parameters
of the bulldozer movement process.

Justification of the method of determining the
parameters of the soil prism before the dump
in the process of digging using analytical equa-
tions

As an object of research, we will choose a bull-
dozer with a non-rotating dump, which performs
the operation of digging the soil. Since the vol-
ume of material in front of the bulldozer dump
increases during the digging process, it is neces-
sary to determine the equation of the mass of the
cut material in the form of a function of the move-
ment of the machine in order to compile a dy-
namic model of the movement of the machine.
When deriving the equation, we consider that the
tilt angle of the dump in the vertical direction is
equal to zero, and the capture angle corresponds
to 90°. In general, the digging depth h can vary
arbitrarily depending on the movement of the ma-
chine x (Fig. 4).
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Fig. 4. Long}tudinal section of the face for the
operation of digging the working
environment with a bulldozer dump

The volume of cut material from the main ar-
ray is determined by the integral equation:

V, = th(x)dx , 3)

where B is the width of the chip of the cut
material (the width of the knife system of the
dump); h(x) is the chip thickness of the cut
material (cutting depth); x is the longitudinal
displacement of the bulldozer.

It should be taken into account that in the pro-
cess of cutting the material, its destruction oc-
curs. This leads to an increase in its volume. This
fact can be taken into account using the coeffi-
cient of loosening of the material k . The real vol-

ume of loosened material before the dump is de-
termined by the formula

Vy =k,V, =k,Bf h(x)dx. (4)
0

In the process of moving a prism of material
with a bulldozer blade along the support surface,
part of the prism will move into the side rollers. This
loss of material from the prism can be accounted for
using a material loss factork , . Finally

v, =(1- kn)kpBTh(x)dx . )

The coefficient of material loss is less than
one and depends on the parameters of the support
surface, material properties and the volume of the
prism before the dump.

In the process of deriving the equation for de-
termining the mass of the material before the
bulldozer dump, it is necessary to take into ac-
count that the size of this prism is limited. The
maximum possible volume of the prism depends
on the geometric dimensions of the dump and the
characteristics of the material. In work [1] experts
recommend using the following equation (6).

2
=2tk
2tgp

_ BH? L H 6
‘T2wgpl Bwp) @

where H is the height of the dump; p — the angle
of the natural slope of the material; k, — prism

shape factor.

Thus, the calculated volume of the material
prism before the bulldozer dump is determined
by the following conditions:
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The mass of the material in the prism can be
calculated as follows

S S|

S,
M =V o ®)
p

where o, - the density of the material in the

natural massif.

When analyzing the dynamic characteristics
of a bulldozer during technological operations,
researchers often consider the machine as a dy-
namic single-mass system (Fig. 5) [10]. In the
above diagram, the letter c indicates the elasticity
coefficient of the working equipment and other
systems of the bulldozer. Theoretically, in the
process of moving the bulldozer, oscillating pro-
cesses can occur inside the system itself, which
will lead to the periodic disconnection and attach-
ment of the mass of the material to the total mass
of the machine.

/77M \/\/ /772

Fig. 5. Dynamic scheme of the bulldozer

If we take into account that during digging,
the resistance forces on the dump increase and
during forward movement of the machine, its
acceleration is less than zero, and during
oscillatory backward displacement - more than
zero, then the total mass of the moving system
can be determined from the equation (9).

{mm+ms; atx<0
xm=

at x>0

. ©

m?

where m_ —bulldozer mass; X — acceleration of the
center of mass of the bulldozer.

Conclusions

On the basis of the conducted research, the
following conclusions can be drawn:

1. The mass of the soil (the material being
developed), which is cut and moved by the
bulldozer during the digging operation, can be

compared with the mass of the machine itself and
can reach 35% ... 38% of its mass.

2. The mass of the material in the prism in front
of the bulldozer dump is variable and changes
from 0 at the beginning of cutting to the
maximum value that corresponds to the
maximum permissible volume of the material
prism.

3. In the process of developing and analyzing
dynamic models of machines with a shovel
working body for the stages of digging and
transporting material, it is necessary to take into
account its mass in the form of mass attached to
the mass of the machine itself.

4. The proposed equation (7), (8) and (9) allow
you to take into account the variable mass of the
attached material when performing an analytical
analysis of the bulldozer movement in the
process of digging the environment being
developed.
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Meton BH3HauYeHHsI NapaMeTpiB NPH3MH IPYHTY, fIKa
(opmyeThes nmepen BiaBaJIoM miJx yac KONAHHS

Anomauin. Ilpoonema. JJocnioxcyeanuii OuHamivHul
npoyec KONawHs 3 Ypaxy8anHaMm SMIHHOI CyMApPHOI pyxo-
moi macu konicnoi 3TM, obradnanoi ideanom, ne € 0o-
cmamuim 0715l po3poOKU peKomMeHOayiil uwooo eubopy pa-
YIOHAIbHUX napamempis 6UKOHAHHS MAaKOoi MexXHOoN02I4-
Hol onepayii. Hedocmammtbo 00CiodceHo numarnHs 6u-
3HAYEHHA Ma aHaNi3y Napamempie 3MIHHOIL 3a MAacoro ma
00cs20M NEpeMiuy8anoi Gi08ANIOM NPUIMU MAMEPIATY.
Biocymuicmy inorceneproi memoouxu, sska 00360JA€ 8-
SHAUUMU napamempu nocmynoso @Qopmyioyoi nepeo

sideanom npusmu mamepiany. Mema. Pospooxa me-
MO0y pO3pAaxXyHKy napamempie npusmu Mamepiany,
AKa popmyemsbcs neped Gi08ANbHUM POOOYUM Opea-
HOM RI0 Yac BUKOHAHHS MEXHON02IYHOI onepayii Ko-
nanusa po3pobniosano2o cepedosuuia. Memoodonozia.
3axoou cnpsamosani na 8uU3HAYEHHA NAPAMempi6 npu-
3MU IPYHMY nepeo 8Ii08AI0M Y NPOyeci KONaHHsA 3ad 00~
NOMO2010 aHANIMUYHUX 3anedxcHocmeti. Pesynomamu.
Jlns npoyecie po3pobku ma ananizy OUHAMIYHUX MO-
oenell Mawiun 3 8i08ANLHUM POOOYUM OP2AHOM OJis
emanié KOnawmHs ma mpaHcnopmy6anHsA mamepiany
HEObXIOHO 8paxo8ysamu 1020 Macy y eueisidi mMacu,
npueoHanoi 00 macu camoi mawiunu. Opuzinanvb-
Hicmb., Ompumani 3anexiCHOCMI, WO 00360J5H0Mb
epaxysamu 3MIiHHY MAcy mamepiany, ujo RpueoHy-
€MbCA, NPU NPOBEOEHHI AHANIMUYHO20 AHANIZY PYXY
by1v003epa 8 npoyeci KONaHHA cepedosuiyd, o po3-
pobnaemuvca. IIpakmuuna yinnicms. Ompumani pe-
3YIbMamu MOJICHA PEKOMEHOYBAMU NPU GUEHEHHT OU-
CYUNJIIH 2aNy3e6020 MAUUHOOYOYBAHHSL.
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