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Abstract

The structure of reduction of construction duration which takes into account the effect of the electrostatic field on the power fluid of a
hydrostatic power drive of earth-moving machines is considered. Experimental studies are also considered that suggest that the exposure
of the power fluid to an electrostatic field leads to the intensified formation and increased thickness and bearing capacity of the lubricant
film on the friction surfaces of the hydraulic drive. This causes the reduced wear rate of the components of a hydrostatic power drive. In
particular, gaps in plunger pairs in the pump are reduced, which contributes to the increase of the coefficient of performance. As a result,
the operating speed of the driven equipment increases, i.e., the work cycle duration is reduced, and hence the capacity of earth-moving
machines increases and the duration of the preparatory earthwork, which is about a quarter of the total duration of all construction works

in general, is reduced.
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1. Introduction

The initial stage of any construction, whether industrial or civil, is
preparatory work. Part of such work is earthworks which includes
excavation and removal of soil, digging pits and trenches, plan-
ning the construction site and more, depending on the facility
being constructed. The preparatory work duration is about 20-25%
of the total construction duration. It should be noted that such
works are carried out using earth-moving machines (excavators,
bulldozers, scrapers, etc.) and the total construction duration will
directly depend on the technical performance indicators of the
machinery, the main one being the capacity, which decreases in
the course of operation of machines, which leads to the increased
construction duration and cost. In this connection, the relevant
issue arises oh improving the capacity of machines under sus-
tained operation and reducing the intensity of capacity loss of
earth-moving machines in general, which would enable to reduce
the total construction duration and cost.

2. Analysis of Recent Studies and Publications

Technical performance indicators of earth-moving machines can
be increased in comparison with the existing ones at the design
and construction stage using new technical solutions and technol-
ogies [1-5]. Upgrade of the machines that are currently in service
is reasonable under operating conditions [6]. For instance, works
[7-10] provide for improvement of operating equipment for a par-
ticular type of work by changing the geometric design, cutting
elements, the principle of operation, etc. Works [11-13] propose

hybridization of earth-moving machines which enables increasing
the number of work cycles without increase of energy consump-
tion, but this approach reduces only the cost of work, not the dura-
tion. Modern earth-moving machines are known to have hydraulic
drives, and their capacity depends entirely on the state of the hy-
draulic drive, therefore in works [14-16], the issues of increasing
the coefficient of performance, improving the design of the ele-
ments, and facilitating the operability and energy saving capability
of hydraulic drives are considered. However, it should be noted
that the hydraulic oil (power fluid) plays a very important role in
the hydraulic drive transmitting mechanical energy to the operat-
ing parts of machines and providing reliable lubrication and cool-
ing of the friction surfaces of hydraulic machines. Electrostatic
exposure is the most promising of all the methods for improving
performance properties, in particular, the tribological properties of
the power fluid, which include adding functional surface active
agents, filtering, electric cleaning, and dispersing. This is con-
firmed in a series of works [17-19], which show significant im-
provement of anti-wear properties, intensification of the process of
lubricant film formation, increase of the bearing capacity of the
formed lubricant films, and explain the physical processes of the
effect of the electrostatic field on power fluids (PF).

3. The Basic Part of the Study

3.1. Purpose and Obijectives of the Study

The conducted analysis suggests that there are methods, algo-
rithms and structural logical diagrams that show the effect of
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changing characteristics of the machine element on its technical
and operational capacity, or the effect of the state of the power
fluid on the element of the hydraulic drive with which it interacts
with, but there is no structural logical diagram which would show
the effect of changing anti-wearing properties of the power fluid
of the hydraulic drive of the earth-moving machine by exposing it
to the electrostatic field, on the change of construction duration.
Thus, the purpose of the work is to determine the effect of expo-
sure of the power fluid of the hydraulic drive of earth-moving
machines to the electrostatic field on the construction duration.

3.2. Theoretical Research

The preparatory work duration depends on many factors, of which
the capacity of earth-moving machines (EMM) is a decisive one.
It is a basic, integral indicator and measure of production efficien-
cy. Such a factor, in turn, definitely depends on a number of fac-
tors including the design and technical condition (EMM), the type
of work being conducted, etc. If these factors are analyzed in gen-
eral, then it can be stated that the use of EMM is reduced to two
main integral indicators, namely: time and capacity. The average
value of EMM capacity during execution of earthwork on land
sites with different working conditions can be expressed as fol-
lows.

P.=2PR-J, @
=1

where P;— capacity of the machine during operation on site i;
J; — probability of such work (specific weight of the works on the
site).

Since EMM are equipped with the hydrostatic power drive and the
cycle works duration is determined by the speed of operating ele-
ments in different operations as the works are executed, let us
consider changes in capacity in the function of work cycle dura-
tion.

Earthworks duration is generally determined by the EMM capacity.
If operating capacity, a single bucket excavator is taken as an ex-
ample, is represented with an expression, we will obtain
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where P; — technical performance, m*/s q - volume of bucket ex-
cavator, m3; K; - bucket filling coefficient; K, - soil conversion
factor; Ky — coefficient of transition from technical performance to
operating capacity; D, — duration of the complete work cycle of
the machine, sec.

Work cycle duration of EMM consists of the duration of par-
ticular operations which for a machine with a hydraulic drive
(for an operation) can be expressed as
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where L; - average movement of the hydraulic cylinder piston
(as an executive operating equipment) during the time of oper-
ation i of the cycle, m;

Fi — area of the piston of the pilot hydraulic cylinder, m?; Q4 —
average flow rate of the power fluid during the time of opera-
tion i of the cycle, m*s; 5 - volumetric coefficient of perfor-
mance of the pump.

Then the complete work cycle duration is represented by the
dependence

LR 4
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where n — number of individual operations in the complete
work cycle of excavator.

Rated complete work cycle duration (if 77 =77, i.e. volumet-
ric coefficient of capacity of the pump has the rated value)

It can be assumed that the ratio of current and rated operating

capacity depends mainly on the ratio of the duration of the work
cycles to the rated and current operating capacity

P _Du (6)

where P, — rated operating capacity; D, — duration of the com-
plete work cycle, which corresponds to the rated operating capaci-

ty, c.
Using the expressions (4) (5) and (6), we can obtain
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In turn, the change in the volumetric coefficient of performance of
the pump is determined by the wear intensity of the friction sur-
faces, that is, the gap width of the plunger pair of the pump. The
gap width determines the leakage volume of the power fluid and
the volumetric coefficient of performance of the pump. However,
it should be taken into account that there is a certain lubricant film
layer on the friction surfaces (plunger pairs), the increase of which
results in the reduction of PF leakage volume, as well as the de-
creased wear intensity of the surfaces. The results can be achieved
by exposure of PF to the electrostatic field. This is associated with
the fact that the PF structure consists of base oil molecules, addi-
tives (surface-active agents (SAA)), products of wear and impuri-
ties. Due to the dipole moment, SAA form suparamolecular struc-
tures (micelles) in the power fluid. Due to the force field of the
friction surface extending towards the normal to it inversely pro-
portional to 3-4 degrees of distance, the micelles are destroyed,
and the surfactants being in a monometric state are adsorbed on
the surface forming a lubricant film. However, this is only possi-
ble provided the energy of the force field E; is greater than the
binding energy of the molecules in the aggregate E,, i.e. E,>E,.
This is yet not always possible, therefore the additive cannot func-
tion properly. The force field of the friction surface is supported
by the electrostatic field, which affects PF by destroying and re-
building the micellar structures. This process leads to an increase
in the number of SAA monomers in the volume of PF, as well as
the probability of agglutination of molecules in the field, which
leads to an increase in the number of oriented directional SAA
aggregates and their denser packing in the surface layer, forming a
polymolecular layer [17-20].

3.3. Experimental Studies

To confirm the above statements, a number of experimental stud-
ies have been conducted out aimed at determining the dependenc-
es of changing the lubricant film thickness and the wear rate of the
friction pair on the electrostatic field intensity and its operation
time.

The lubricant film thickness was measured using the “stack of
balls” method by A.S. Akhmatov, which involves multiplication
of the lubricant film thicknesses, that is, measuring the total thick-
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ness of n lubricating layers, separated by n+1 thin mirror metallic
plates. If the total thickness of the stack and n+1 of metal plates
are known, lubricant film thickness is easy to calculate. Only met-
al balls are used instead of the plates in order to exclude the effect
of the contamination particles on the results of measurements (Fig.
1).
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+

Fig. 1: Diagram of the device for measuring the lubricant film thickness: 1
— plate; 2, 3, 4 — supports; 5, 6, 7 — clamp covers; 8 — glass tube; 9 — balls;
10 — heater; 11 — temperature control; 12 — temperature sensor; 13 — mi-
crometer.

The method of determining the lubricant film thickness is as fol-
lows. Thoroughly washed, degreased and dried balls 9 are placed
in tube 8, and then a stack of balls is loaded by force which is
developed by the micrometric head of the indicator 13. Then the
indicator point is set to zero, and then the load on the stack is re-
moved with the unloading device of the indicator. The balls are
removed and moistened with the tested oil. The moistened balls
are placed in tube 8 and another stack of balls is loaded, in a simi-
lar way. After the indicator point stops, the indications are read.
The aggregate film thickness on the balls will be

Sh=2-(n+1)-h
®)

where n — number of balls on the stack; h; — film thickness on one
surface.

Based on the conditions of obtaining confident measuring results
and expected film thickness, the minimum required number of
balls was calculated using the expression

n:i_l (9)

2-h
where e — precision of the metering device (¢ = 1 - 10® m); hj—
expected lubricating film thickness (h = 0.1 - 10° m).

Preliminary measurements were made to determine the minimum
required repetition of experiments. The lubricating film thickness
was measured ten times at a temperature of PF 20°C without elec-
trostatic treatment.

The minimum necessary repetition of measurements is determined
by inequality

o’ -t
r]mln = Az . h:

(10)

Where ¢ — mean-square deviation of measurements; t; — table
value of Student coefficient, t; =1.81 with the result confidence

P=0.9; A - acceptable relative measurement error, A=0.5; h, —
arithmetic mean value of the measurement results [21].

Three time repetition was determined after preliminary measure-
ments and calculations.

A hydraulic plant with the fluid flow velocity in the treatment unit
V=6 m/s = const, temperature PF t,, = 20°C = const was devel-
oped (Fig. 2) to expose PF to the electrostatic field.

~
S

Fig. 2: Diagram of the laboratory hydraulic plant: 1 — thermostated tank
with a heating element; 2 — vane-type pump; 3,6,8 — throttle; 4 — pressure
gauge; 5 —PF treatment unit; 7 — container for treated PF.

The main obtained results of the experiment are shown in Fig. 3.
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Fig. 3: Change of the lubricating film thickness depending on the in-
service time after exposure of PF to the electrostatic field and without
exposure: E — electrostatic field intensity.

The obtained results allow concluding that when PF is in opera-
tion, the lubricant film thickness decreases both when PF is ex-
posed to the filed and when it is not. However, the effect of the
electrostatic field on PF increases the lubricant film thickness for
new PFs twice, and for those in operation (2000 in-service hour)
up to 3 times at the electrostatic field intensity of 1x10° V/m. This
parameter of the electrostatic field intensity is rational according
to the lubricant film thickness criterion.

In the experimental wear test, the friction pair with the surface
contact in the “barrel-roller” plane which is implemented in the
plunger pairs of the pump was accepted. Wear tests were conduct-
ed with SMT-1 friction machine. In Fig. 4, the diagram and the
overall view of the laboratory unit for friction wear testing using
the friction machine is shown.
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Fig. 4: Diagram of the laboratory wear testing unit for the “barrel-roller”
friction pair with SMT-1 friction machine: 1 — roller; 2 — barrel; 3 — Ohm-
meter; 4 — thermal gauge; 5 — temperature control; 6 — heating element; 7 —
container; 8 — pumping station; 9 — treatment device for PF; 10 — power
module.

The materials of the samples (a roller and a barrel) were selected
in accordance with the materials of the plunger pair which are
used in the pumps of 224.20, 313.3.55 series. According to the
analysis of the designs, the material of the barrel was Br.012
bronze, while the material of the roller was 38H2MYUA steel. The
surface roughness of the barrel and the roller were selected in
accordance with the design documents for the above pump, the
necessary actual contact area was thus ensured.

The samples were manufactures and prepared to testing, and the
method of wear determination was wused according to
GOST 23.224 — 86.

Testing was conducted with the fluid flow velocity in the device 6
m/s, temperature of the power fluid in the tank of the pumping
station 70°C, contact pressure 8 MPa, and linear sliding speed of
the roller 0.3 m/s.

The pressure value in contact and the sliding speed of the roller
ensure the limit lubrication of the friction pair throughout the test
range.

The required repetition of experiments was determined by expres-
sion (10), only the acceptable relative measurement error was
A= 0.1.

The obtained results of the study (Fig. 5) show that the longer the
service life of the power fluid is, the faster the wear rate increases
non-linearly for both the non-treated and treated power fluid.
Using electrostatic exposure of the power fluid results in de-
creased wear rate of the friction pairs (plunger pairs) up to 4 times
for the fluid in the delivery condition and up to 3 times for the
fluid which was in service of the hydraulic system of the machine
for 2000 hours.

The rational value of the electrostatic field parameter depending
on the in-service time is 1 x 10° V/m.
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Fig. 5: Change in time of the wear rate of the barrel after exposure of PF
to the electrostatic field and without exposure: E — electrostatic field inten-
sity.

3.4 Results of the Calculation and Discussion

Thus, the obtained results of experimental studies conducted to the
determine the effect of the electrostatic field on the lubricating
film thickness and the effect of the electrostatic field on the wear
rate of the “barrel-roller” friction pair at different in-service times
of PF allows asserting that the law of the change in the volumetric
coefficient of performance of the pump in time can be displayed
using the graph (Fig. 6).
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Fig. 6: Change of the intensity of loss of pump efficiency: 1 — when non-
treated power fluid is used; 2 — when the power fluid is exposed to the
electrostatic field

t, hours

On the basis of allowances of the graph (Fig. 6) and dependence
(7) the operating capacity can be determined

p=p .1 1y

According to the results of experimental studies (Figures 3, 5) and
dependence (11), we will plot a structural logical diagram of the
effect of exposure of the powered fluid of the hydraulic drive of
earth-moving machines to the electrostatic field on the construc-
tion duration of (Fig. 7).

Effect of the CONSTRUCTION DURATION
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the change of the coefficient of
performance of the pump in time

Change of the coefficient of performance
of the pump is determined by the wear
intensity of the friction surfaces, i.e. the

gap width of the plunger pair of the pump

l

Reduction of the work cycle duration due to the increased speed of’
execution of works with the EMM operating equipment driven by hydraulic
drives results in the earthwork duration reduction

Fig. 7: Structural logical diagram of the reduction of the duration of con-
struction work

Effect of the electrostatic field on the power fluid results in re-
duced gap width in plunger pairs in the pump due to the increased
lubricant film thickness, i.e. increased coefficient of performance,
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leading to the reduced work cycle duration, and accordingly, in-
creased capacity of the earth-moving machines, which in turn
reduces the construction duration.

4. Conclusion

The main type of the preparatory work is earthwork, the duration
of which depends on the EMM performance. Since these machines
are equipped with hydraulic drives, the capacity depends on the
state of the hydraulic drive which deteriorates in the course of
operating life of the machine. Analysis of the studies has shown
that the exposure of the power fluid to the electrostatic field is the
most promising way of upgrading EMM during their operation in
order to increase capacity.

The effect of the electrostatic field on the power fluid leads to the
intensified formation and increased lubricating film thickness in
the plunger pairs of the pump. The maximum value of the lubri-
cant film thickness is achieved when the field intensity is 1x10°
V/m. The same field intensity value provides for a decreased wear
rate of the friction pairs (plunger pairs of the pump) up to 4 times
with the new power liquid and up to 3 times for a fluid with a
service life of 2000 in-service hours.

The structural and logical diagram of the effect of electrostatic
exposure of the power fluid on the construction duration is plotted,
which allows to calculate the construction duration at different life
cycles of earth-moving machines taking into account the effect of
the electrostatic field on the power fluid.
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