TOSHKENT DAVLAT
-I TRANSPORT UNIVERSITETI

Tashkent state

transport upn\fgltﬁl%onal Journal Of Transport And Technological Machines

Tashkent 2024, issue 1, htt s 1j ttm uz/

TOSHKENT DA
'I r TRANSPORT UNIVERSITETI
Tashkent state

transport university

—EN

INTERNATIONAL JOURNAL
OF TRANSPORT AND
TECHNOLOGICAL MACHINES

ISSN: 3030-363X

THE SCIENCE OF TODAY IS THE TECHNOLOGY OF TOMORROW




TOSHKENT DAVLAT
'I I' TRANSPORT UNIVERSITETI
Tashkent state

transport UPM@F%%W Journal Of Transport And Technological Machines
Tashkent 2024, issue 1, https://ijttm.uz/

INTERNATIONAL JOURNAL OF TRANSPORT

AND TECHNOLOGICAL MACHINES
Published since 2023

Editorial Council:
Mukhitdinov A.A., Ziyayev K.Z., Rustamov K.J, Abdurazzakov U.
Editorial team:
Chief Editor — Rustamova N.R.
Deputy Chief Editor — Rustamov K.J.

Members of the editorial board:
Mukhitdinov A.A., Ziyayev K.Z., Rustamov K.J., Abdurazzogov U.A., Saman M. Almulfti.,
Habibollah Haron., Gai-ge Wang., Jayson A. Dela Fuente., Ahmad A. AlRabab'ah.,
Rami Hikmat Fouad AL-Hadeethi., Emad Kamil Hussein., Ayman Abu-Rumman.

TASHKENT STATE TRANSPORT UNIVERSITY

Founder of the scientific and technical journal, “International Journal of Transport and
Technological Machines” — Tashkent State Transport University (100167, Republic of
Uzbekistan, Tashkent, Temiryulchilar str., house No. 1, office: 379, tel Tel.: +998 97 156 94 21
E-mail: k.j.rustamov82@gmail.com).

In the International Journal of Transport and Technological Machines publishes the most
significant results of scientific and applied research carried out in universities of transport and
information technology profile, other higher educational institutions, research institutes and
centers of the Republic of Uzbekistan and foreign countries.

The journal is published 4 times a year and contains publications in the following main areas:
e Automotive engineering

Civil Engineering

Construction Engineering and Management

Instrumentation technology

Environmental Engineering

Environmental Sciences

Green production

Industrial Safety

Mechanical Engineering Technology

Mining

Mechatronics




I

TOSHKENT DAVLAT
TRANSPORT UNIVERSITETI

Tashkent state

transport Um\gﬁ%onal Journal Of Transport And Technological Machines
Tashkent 2024, issue 1, https://ijttm.uz/

CONTENTS

1. Akhmedov D., Riskaliev D. OPTIMIZATION RATIONAL PARAMETERS
OF THE DRIVING SIMULATOR.....ccctitiiiieie st 4
2. Valiev J., Avliyokulov J., Gangfeng Tanb. TO STUDY THE FACTORS
INFLUENCING THE EFFICIENCY OF SUCTION OF DUST PARTICLES
WITH THE REGENERATIVE AIR VACUUM SWEEPER PICK-UP

3. Kapskya D.V., Mukhitdinov A.A. REDUCING THE DANGER OF PASSING
CONFLICTS IN TRAFFIC FLOW AT CONTROLLED INTERSECTIONS
USING VEHICLE DETECTORS. ... 21
4. Maksudov Z.T., Rustamov K.J., Pardabaev Z.A. STUDY OF
PERFORMANCE INDICATORS OF EXCAVATORS........coiiiiiii 30



I

TOSHKENT DAVLAT
TRANSPORT UNIVERSITETI

Tashkent state

tranSpOIrntt rnrlw\éi%lrgﬁtgl Journal Of Transport And Technological Machines

Tashkent 2024, issue 1, https://ijttm.uz/
OPTIMIZATION RATIONAL PARAMETERS OF THE DRIVING SIMULATOR

Doniyor Akhmedov Y, Davron Riskaliev?

U Public Safety University of the Republic of Uzbekistan, Tashkent, Uzbekistan
2 Tashkent State Transport University, Tashkent, Uzbekistan

b) Corresponding author: davron.riskalievsh@tstu.uz

Abstract: This study aims to achieve accurate simulation alignment with real-life road conditions for
optimal training effectiveness. By investigating the tilt and displacement of the vehicle during manoeuvres,
experiments establish a basis for configuring simulation parameters. The goal is to attain correlation with
empirical observations and adjust the simulator's rational parameters accordingly. The study's specific aim is to
determine these parameters and locate the optimal installation coordinates for the electric motor within the
simulator structure.

Key words: simulator, adaptation, manoeuvres, rational parameters, electric motor, crankshaft and

motion reducer.

Introduction

Optimising rational parameters in driving simulators is a critical pursuit that is
essential for enhancing their efficacy in various applications, including driver training,
research, and development. In order to improve the adaptation of the simulated scenarios
displayed on the simulator monitor to the real road conditions, it is essential to elicit an
appropriate response from the simulator [1,2,7,8]. For example, whilst performing
manoeuvres on various routes, like ascending an overpass, the lorry adjusts its orientation
with an angle o (Figure 1). Experimental studies have determined the values of tilt and
displacement of the car on different paths [3,4,5]. In order to reproduce such phenomena, the
rational parameters of the simulation have to be adapted to those derived from experimental
data.

The aim of this study is to determine the rational parameters of the simulator and the
installation coordinates of the electric motor. The main components of the simulator are
shown in Figure 2. As shown, the electric motor (5) is connected to the worm gearbox (6).
The crankshaft (1) is securely fixed to the shaft of the worm gear reducer by means of a key.
The upper surfaces of the crankshaft (2) act as a connecting rod and are supported by means
of ball bearings and a screw assembly. The upper part of the P-shaped upper surface
accommodates a spherical bearing hinge (3), which is connected to the upper part by bolted

ears and secured by a bolt. This hinge is in turn connected to the central platform (4) by a
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finger. This finger is mounted by a bolt. When activated, the simulator transmits motion from

the engine to the motion reducer, causing the crankshaft (1) to rotate at a maximum speed of
1800 rpm. The P-shaped upper surface, which acts as a connecting rod, induces a complex
movement in the crankshaft, which results in vertical oscillations or reciprocating movements
in the central platform (4). The electronic frequency of the reducer of the electric motor is
modulated in order to vary the frequency of the torque and the stop occurs when the upper

part (2) of the crankshaft reaches its zenith (at 1800 revolutions).

Figure 1. The pitch (rolling) of the simulator cabin due to the movement of the motion

components.
4
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Figure 2. Main components of the simulator: 1-crankshaft; 2-simulator upper part
(connecting rod); 3-simulator hinge bushing; 4-central platform; 5-electric motor; 6-

worm gear reducer; h-height of installing the electric motor on the frame.
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Using the calculation diagram shown in Figure 3, the dimensions of the crankshaft, the length

of the simulator's upper part (connecting rod) and the installation coordinates of the electric
motor are determined, thus determining the basic kinematic and geometric parameters of the
simulator mechanism. One of the main objectives is to identify rational simulator movement
parameters. When the simulator cabin is moving at its maximum inclination (Figure 3), it is
necessary to take into account the angle of cabin inclination (o, = 10-120) and to minimise the
load on points A and B of the simulator movement in order to select the appropriate

parameters for the simulator. These are indispensable factors to be taken into account.
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Figure 3. Computational diagram for determining the rational parameters of the
simulator motion.

The following information can be derived from the above calculation diagram:

OB =0OAcos¢ + ABcos S =0OA+ OB. (1)
According to the Law of Sines:

OA AB )
sinfg  sing @
i OA .

sin f# =——sIn
B g
from this point,
OA\; . 2
cospf =,/1-(——=) sin
B ( AB) @ (3)

The chassis displacement along the S-axis during the complete cycle of crankshaft

movement is calculated as follows:



L]

TOSHKENT DAVLAT
TRANSPORT UNIVERSITETI

Tashkent state

tranSqugtgPﬁ\éi%lr r|1t3/| Journal Of Transport And Technological Machines

Tashkent 2024, issue 1, https://ijttm.uz/

S = OA(1-cosp) + AB(l—\/l— (%)2 sin’ ¢

(4)

In the course of the chassis displacement along the S distance in the motion of the

mechanism, the inclination (roll), denoted as a, of the body with respect to the BBoB1 plane is

observed. This is in accordance with the Law of Sines, and it is expressed as follows [2]:

BB, BB BB

2\ 2
1+cos o
V2 _ ByB

sina BB,

From the Law of Cosines:
BBO2 = BOBf + BBl2 — ZBOB1 . BB1 COS & .
from this point,

BB? + BB} — B,B;
2B,B, - BB, cosax

COSa =

Subsequently, the velocity magnitudes at points A and B are calculated:
2 2 2 2

Vy =4/Via +Via, Vg = 1/VyA +Vig

Vo =—OAwsing , v, = —OAwcos ¢

Here, o represents the angular velocity of the worm gear reducer.

The velocities at points A and B are calculated as follows:

[[,2 2 [,2 2
Ap =\ Via TV, Qg =4Vya+Vig

a, =—OAw’cosyp, a, =-OAw’sing

(5)

(6)

()

(8)

©)

(10)

(11)

(12)

On the basis of the above, it is essential to determine the installation coordinates and

acceptable lengths for the simulator to simulate the tilt of the body as closely as possible to

the actual circumstances and to reduce the applied load. To facilitate this process,

experimental methods were utilised [3]. The following independent factors were considered

as characteristics:

— Xu: Length of the crankshaft used in the simulator, measured in millimetres (mm).
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Length of the upper section of the simulator's connecting rod, measured in

— Xz
millimetres.
- Xa:

millimetres.

Height for the installation of the electric motor onto the frame, measured in

Table 1 displays the levels of the factors and the extent of their variations.

Table 1. Values of Factor Levels and Ranges of Change for the Factors

Factor X1 Factor X2 Factor X3
Indicator Actual Encoded Actual Encoded Actual Encoded
Value, mm| Value |Value, mm| Value [Value, mm| Value
Variation Range 15 — 30 - 20 —
Upper Level 150 +1 380 +1 320 +1
Baseline Level 135 0 350 0 300 0
Lower Level 120 -1 320 -1 280 -1

Drawing upon the acquired experimental outcomes, the rational parameters of the
simulator mechanism have been discerned and empirically validated. The findings indicate
that the most suitable parameters for the designed simulator encompass a crankshaft length
between 120 and 125 millimeters, an upper part (connecting rod) length ranging from 350 to
365 millimeters, and an optimal height for the installation of the electric motor on the frame
within the span of 300 to 315 millimeters.

Conclusion.

In conclusion, this study has presented an exhaustive analysis focused on optimizing
the rational parameters of driving simulators, crucial for enhancing their effectiveness in
various domains such as driver training and automotive engineering. By conducting empirical
inquiries, the research has scrupulously scrutinized the tilt and displacement of vehicles
during maneuvers to establish associations with real-world road conditions, thus setting the
foundation for configuring simulation parameters.

The results emphasize the utmost importance of faithfully replicating vehicle
dynamics within the simulator setting. Through determining the most suitable parameters for
the simulator mechanism, which includes the crankshaft length (ranging between 120 and
125 millimeters), the upper part length of the connecting rod (ranging from 350 to 365

millimeters), and the installation height of the electric motor on the frame (falling within the
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range of 300 to 315 millimeters), the study aims to reduce stress on simulator components

while optimizing simulation accuracy.
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TO STUDY THE FACTORS INFLUENCING THE EFFICIENCY OF SUCTION OF
DUST PARTICLES WITH THE REGENERATIVE AIR VACUUM SWEEPER PICK-
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Abstract This paper is about a numerical measurement of the factors affecting the efficiency of
removal of debris and particles on the road surface by the suction head of a regenerative sweeper. Based on
particle removal starting speed, particle throughput, particle removal efficiency, and experimental results. A
proven computational fluid dynamics model is proposed to evaluate the removal efficiency of particles moving
through the suction channel with the direction of airflow movement of the designed regenerative air-vacuum
sweeper pick-up head. The factors affecting the efficiency of waste and particle collection were evaluated by
developing an experimental setup for a regenerative air suction system. The numerical simulation and
experimental results show that the particle structure, sweeping speed, the distance between the suction channel
and road surface, and pressure drop at the head of the sweeper strongly affect the particle removal efficiency.
The particle removal efficiency increases when the particle mass is lighter, the sweeping speed is lower, the
suction mouth channel is closer to the road surface, the airflow in the inlet channels creates a lower negative
pressure around the suction mouth, the higher the density, the smaller the particle suction mouth, and the higher
the efficiency when the airflow is increased. In addition, data are obtained to increase the efficiency of particle
collection by the pickup head of the regenerative air vacuum sweeper.

Key words: ANSYS CFD, Environment, Dust and particles, Urban street cleaning, lifting devices,
general suction.

Introduction

The deterioration of environmental conditions leads to pollution from natural disasters
or sandstorms in various cities. To reduce the impact of dust and particles on human health, it
is important to keep the environment and city streets clean. Always keep city streets clean to
prevent the spread of dust and particles in the city during high winds, to prevent the
accumulation of mud on the road surface and water supply systems during incessant rain,
serves to prevent urban pollution. In large cities, many manpower and technologies are used
to clean the streets, all of which leads to high costs [1, 2]. The use of high-efficiency
regenerative air cleaners in cleaning urban streets helps to prevent the spread of dust and
particles into the environment and effectively clean the street waste[3]. The sweeping suction
head is an important part of the regenerative air vacuum sweeper, which picks-up dust and
particles and returns the airflow in the system [4]. There are a large number of particles and
debris on the road surface. Highly efficient suction of any kind of waste is very important for
regenerative air vacuum road sweepers.

Much research has been conducted to evaluate and improve the effectiveness of
cleaning roads of particles and debris. For example, Wu et al[5, 6] analyzed the factors
affecting the efficiency of particle removal. It was found that changes in particle size and
sweeper speed had a significant effect on suction performance during the numerical study.
Zhang and others [7] analyzed the effects of changes in the structure and composition of
particles and debris on the initial velocity of particles. They pointed out that it is possible to
increase efficiency by optimizing the blower system of the sweeper. Structural changes in
particles lead to an increase in mass, which in turn can affect the suction power of the
sweeper [8]. In the process of changing the particle structure, it is possible to increase the
efficiency of particle assimilation by changing the airflow rate and pressure of the different
inlet ducts in the centrifugal blower [9]. Xi et al[10] analyzed the efficiency of particle
assimilation by changing the size of the inlet port. Xi et al [11] the importance of air pressure
in the suction mouth by analyzing the characteristics of particle movement is discussed in
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detail in the collection of waste and debris. Daichin et al [12] analyzed the improvement of

the vacuum cleaner by developing and modifying the suction head by conducting

experiments to ensure good dust and particle collection.

This study took into account the assessment of factors influencing the efficiency of
suction of dust and particles of the regenerative air vacuum sweeper pick-up head. The effect
of the distance between the collection head and the road surface on the efficiency of particle
collection. Theoretical calculation of the effect of particle assimilation efficiency on the
initial velocity of particles and the effect of pressure change on the assimilation efficiency,
the creation of a simulation model of the trajectory variability of airflow in the inlet and
suction mouth. The high efficiency of particle removal was optimized using the experimental
method of a single design by conducting a simulation analysis of the flow field at different
variable lifting and gravitational forces, taking into consideration the preliminary design
parameters of the project.

Experimental Set-up

As shown in Fig.1, 3D models are a regenerative air vacuum sweeper system
experiment-set-up. The regenerative air sweeper pickup head plays an important role in
clearing dust and particles from the road. In the newly designed pick-up head model, factors
influencing the suction efficiency of dust and particles are observed. The pick-up head has a
conventional suction mouth and two inlet channels to receive the airflow returning from the
system. Pick-up head suction mouth diameter can be changed. The suction mouth with a
diameter of 100mm to 140mm is employed for the experiment. The pick-up head input
channels use smaller inlet ducts with a diameter of 60mm to 100mm. The CY200H
centrifugal fan begins to suck up dust and particles on the surface of the conveyor belt by
generating high-pressure airflow through the pick-up head suction mouth during the
operation. The particles absorbed through the dust and absorption mouth are taken to the dust
collecting hopper and the airflow continues to move through the filter after it is separated
from the particles. The airflow inside the pick-up head suction duct is between 5 m/s and
35 m/s where the centrifugal fan airflow rate-regulated is performed by the AC inverter
frequency drive SQ580-011G / 015P-4. In order to observe how dust and particles affect the
assimilation efficiency when the distance between the pick-up head and the converter belt
changes. The Hiudon SWL 2.5T is fitted with special lifting devices. These devices allow the
pick-up head to move up and down, at an angle of 30° to the right and left sides. Using a
conveyor belt, the movement of dust and particles is done. The conveyor speed can get up to
40 km/h. There is a special control device to adjust the speed of the conveyor belt, the effect
of the change in particle velocity on the suction efficiency by changing the conveyor speed is
considered. A dust feeder with a control mechanism was implemented on the conveyor belt to
ensure the even distribution of dust and particles. Particles of size PM10 to 120 mm can be
distributed through the dust feeder.

The regenerative air sweeper pick-up head was designed using the ANSYS CFD
program to calculate the factors influencing the suction efficiency by determining the
trajectory of the airflow through the suction and inlet channels.

1. Study the direction of a particle flow motion by observing the particle trajectory in
the pick-up head suction channel

2. Observation of airflow direction and factors influencing an airflow and the particle
movement through the pick-up head inlet channels

3. Increase the absorption efficiency of suction dust and particles by detecting the
movement of an environment airflow towards the suction channel.
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6 8 9 10 11 12 13
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Fig 2. 3D model regenerative air vacuum sweeper system experiment-set-up Simulation
1-Pick-up head; 2-Suction mouth; 3-Electronic control valve; 4-Air separation box; 5-
Centrifugal fan; 6-Conveyer belt; 7-Dust feeder; 8-Frame base; 9-Inlet mouth; 10- Blowing
inlet duct; 11-Mechanical valve; 12-Lifting device; 13-Dust collector hopper; 14-Filter place;
15-Cenctrigugal fan inlet duct; 16-centrifugal fan outlet duct

Structure parameters of dust collection pick-up head

Typically, regenerative air sweepers, the pick-up head must usually ensure complete
circulation of the airflow in the system. The pick-up head must ensure that the airflow from
the system is returned to the system along with the extraction of debris and particles on the
road surface. In many cases, an effective method for determining the assimilation
performance efficiency of the pick-up head is to analyze the simulation results of this
designed pick-up head using a program CFD. Mesh creation in computational fluid dynamics
(CFD) plays an important role in increasing the accuracy and efficiency of numerical
simulation. In order to achieve high efficiency, in the first stage of the CFD program, a brief
understanding of the improved reception head model can be obtained by determining the
airflow trajectory in the inlet and outlet ducts. The preliminary data of the pick-up head can
be shown in Table 1, and the pick-up head physical model in Fig. 2.

Table 1. The main dimensions of the regenerative air sweeper pick-up head

Length Width Height Thickness | Outlet duct | Inlet duct | Inlet duct
(mm) (mm) (mm) (mm) D1(mm) D2(mm) D3(mm)
1000 390 120 20 110 65 65

The airflow through the regenerative air vacuum cleaning system was calculated using
governing equations. Although the airflow was turbulent at high Reynolds numbers, it was
not a strong rotational flow. Airflow trajectories can be simulated by means of CFD software
using corresponding mathematical models of flow field conditions such as trace, velocity, and
pressure. In view of the incompressible and steady flow, the Reynolds-averaged Navier—
Stokes governing equations can be written as [26, 30].
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Inlet duct D3

Outlet duct D1

Inlet duct D2
Front narrow slot

S

Regenerative air
sweeper-traveling speed

Left narrow slot

Fig.3 Physical model regenerative air sweeper pick-up head Mathematical model Flow
field equations

Contlnuny =0 1)

Where u; is the airflow velocity.

Momentum — (pu u]) =— a—P + % (u% + Tl-j) + pg; 2
] J

Where p, P, and u are the f|UId density, pressure and viscosity, respectively. g;is the
gravity acceleration. T;; = —pu;u; is the Reynolds stress

The selection of turbulence models for the prediction of flow field characteristics is
dependent on the physical model used. The k—e model is widely used for dust-collection and
sweeper vehicles, k is the turbulent kinetic energy; ¢ is the kinetic energy dissipation
coefficient and it can provide accurate predictions for complex flows. The k—e equation is
written as follows:

dk a
Pg—a—xj(lH‘ )ax]]'l'Gk pe 3)
de 2 g2
Pa= o [(u + —) ax]] + Crep Gy — Caep (4)
Where G = —puju; ’aul and the constants are listed in the following table 1.
Table 2. k—¢ model
O Cls CZS Og
1.0 1.44 1.92 1.3

Particle movement within the system
The Euler-Lagrange approach was used to predict the particles’ trajectories within the

regenerative vacuum cleaning system. The airflow and particles were treated as continuous
and disposed phases, respectively. The continuous phases were described with Navier—Stokes
governing equations. A discrete-phase model (DPM) was used to describe the physical
properties of the particles because the volume fraction was less than 10%[26].
The force balance equation based on Newton’s Second Law can be written as [26]
dU
m,—==F+F+F (5)
Where m,, is the particle mass, U, is the particle velocity, Fp, is the drag force, F,

is the gravitational force, F; is the particle lifting force.
The drag force Fj, can be written in terms of the drag coefficient Cj as follows [10,

31]
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m,(U = Up) (6)

_18u CpRe
D™ ppaz 24

Where p, is the particle density, d, is the particle diameter, and R, is the relative

Reynold number, considering the particle shape, the drag coefficient Cp is defined by the
correlations developed by Haider [32].

The gravitational force F, can be written as [5, 26]

g
Fg=m,(1-p/pg)g (7
The drag coefficient can be obtained from [18, 19, 32]
Cp = (2.25Re™%31 4+ 0.36Re006)345 (8)

Free suspension velocity of spherical object can be known. The suspension velocities
of spheres in different fluid regions are different. This area is the pressure differential
resistance zone because of the inhalation of the larger size particles.

Particle lifting force F; can be written us [5, 26]
2K3'5pdij
=———U-U 9
dep(dlkdkl)o'zs( p) ©)
Where p,, and d,, are the density and diameter of the particle, U is the air velocity, v
is the kinematic velocity, k is the turbulence kinetic energy, d;; is the deformation tensor, and

the constant is K=2.594 [33, 34]
The Reynolds number for a spherical particle is given by[23, 35]

R, = p(u - up)dp/# (10)
Starting velocity analysis of dust particles
The dust particle is the primary working object of the fan suction system. The starting
velocity of dust particles is the least gas flow velocity required by dust particles from static to
moving state. When the flow velocity exceeds the minimum starting speed of dust particles
can the dust particles change from quiescence to motion. The starting velocity of the dust
particles in a horizontal circular pipe has been obtained.

For a single dust particle:[7, 13, 22]

dy\ 15 4fgd Pp—P
0, = [1- (%2)"°] [l (), (1)

For a small single sphere, the following equation was found[16]:

1
1.54-107* [1 —(= ] CDpd4( f[ gd3(p. — p) +1.302-107%d —
y2t 1/8
6.35- 10" pd3( st) ] (12)

For the stratified accumulation of the particles:
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Uy, = (1.27Ar7Y/3 + 0.36Ar~Y/* + 0.45) * (0.704r~1/5 + 1)U (13)

For the Archimedes number:

Ar = gp(p;;p)d3 (14)

Where Usis the starting velocity of a single dust particle, m/s; d is the dust particle
diameter; U,is the incipient velocity of stratified dust particles; D is the diameter duct; Cpis
the drag coefficient; p,is the true density of dust particles; p is the air density; f is the
friction coefficient between dust particles and duct, Ar is the Archimedes number, and u is
dynamic viscosity coefficient of air, 1.84-5Pa - s. Through the calculation of 13 equations,
the suction mouth needs suction wind speed of 30m/s providing by the port at least, so all of
them are pick- up.

They assumed that the pickup velocity is defined by the vertical lift-off (vertical force
balance) and have found that[13, 15, 36]:

_ 2.62v13/21p3/21 1.302-10—6]8/21

UPu - u8/21 Eg(pp - p) + a2 (15)

where D is the duct diameter and p,, is the particle density.

Boundary conditions and Solution Controls

The discrete phase model (DPM) was referred to the physical properties of particles
and to determine the trajectory of particle motion. The rosin-Rammler model is used for the
particle size distribution. The particle physics model is chosen to be spherical, during the
simulation, a discrete random walk model was adopted in[5, 26]. Initialize compute from all
zones. Dust and particle-wall interactions are modeled by reconstruction coefficients that
determine the amount of momentum in the normal (or tangential) direction on a wall held by
a particle after it collides with a wall. In this simulation, it was assumed that the collisions
between particles of different types and walls were not elastic. The efficiency of particle
removal was tested by removing a certain number of particles from the injection surface and
observing the number of particles emitted through the outlet of the pickup head. The main
features of the simulation are presented in table 4. In general, the overall removal efficiency
of the dust and particles was taken to evaluate the particle removal efficiency of the road
sweeper pick-up head.

Total removal efficiency is the proportion of the number of particles removed from the
road surface to the total number of particles to inculcate per reception, regardless of the type
and composition of the waste. Overall removal efficiency, and can be defined by:

n=%=.100% (16)

Gz
Where 1 is the overall removal efficiency; G , is the inlet mass flow rate, kg/s; G, is
the removal mass flow rate (also called the outlet mass flow rate), kg/s.
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It is generally necessary to determine the weight of the particles first in order to
determine the efficiency of the collection of particles on the road surface during the
experiment. A reliable way to determine the efficiency of particles on the road surface is to
ascertain the efficiency depending on the change in the mass of the particles. The additional
efficiency is a method that describes how well the particles are removed from the road
surface depending on the particle size and mass distribution. The ratio of the number and
mass of particles on the road surface of the particles collected to determine the suction
efficiency of the particles for the experimental results. By analogy with Eq. (16), the road
surface particle collection efficiency n,, is defined as

Ny = —2—-100% (17)

Pm+Ppm
Where n,, is the efficiency of road surface particle collection, 7,, is the mass of the
total particles on the road surface, n,,, is the mass of residual particles after collection on the
road surface, kg.
The density of particles usually located on the road surface has a high effect on the
absorption efficiency, Table 3 describes the particle density.
Table 3. The density of a large particle on the road surface

Material Wood Sand Clay (wet) Asphalt Glass
Density(kg/m3) 600 1650 2080 2400 2500
Table 4.
Feature Gas phase Feature Solid phase
Fluid Air Particle diameter Rosin- Rammler
distribution
Compressibility Incompressible Mass velocity (kg/s) 0.5
Dimensions 3D Gaz density, (kgim?) 1.225
Time dependence Steady state Spread parameter, n 5.95
Turbulence model k-epsilon (2eqgn) Min particle diameter 50
(um)
Inlet condition Velocity inlet Max particle diameter 250
(um)
Outlet condition Pressure outlet Particle mean 125
diameter (um)

Result and discussion

Initial flow rate of particle removal efficiency

The effect of particle shape on suction mouth pick-up velocity is briefly mentioned,
but it is possible to determine the velocity of particles in real state by conducting experiments
on a regenerative air sweeper test-rig to determine a specific relationship with the pick-up
velocity. By studying the effect of particle shape, the sweeper suction efficiency indicates the
presence of a minimum collection rate. In most cases, the waste particles on the road surface
are in discrete dimers, in road sweepers it is usually very difficult to clean small heavy
particles [13, 14]. Fig. 5 Illustration the calculation and experimental results of the dust
starting velocity. The used in equation (5) to calculate the starting velocity of the particles.
The period of motion of the particles on the surface of the conveyor belt was taken into
account in the experimental determination. When waste and particle density of 600 kg/m3
and a particle size of 3 mm to 30 mm are assumed. There experimental results were higher
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than the calculated results. The particle size is on average 22% of the difference in the
starting velocity of particles in the range of 3mm, the closest difference in the velocity of
motion of the particles was in the 24 mm to 27 mm-sized particles. This difference was 4%.
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Fig-5. The calculation and experimental results of the particle starting velocity
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Particle suction removal efficiency

The experiment was conducted in the laboratory of the Suzhou Inspection Center at
Wuhan University of Technology. A special conveyor belt acts as a sweeper movement speed
and road surface. Sand particles in sizes from 63um to 200um are used. it is possible to
determine the sweeper removal effect of particles of this size by experiment as well as by
simulation method. The conveyor uses dust feeder to control the movement of the particles to
ensure that the particles on the belt surface are evenly distributed. The mass-calculation
method was used is efficiency of dust and particle intake was determined by calculating the
mass of granite particles before and after dust collection [5, 11, 26, 37]. Figure 6 shows the
analysis of different speed of sweeper movement and the results of the overall dust removal
efficiency test. By comparing the CFD numerical calculation with the experimental data, we
observe how the simulation results differ from the experimental[8, 23]. The simulation data
were higher than the experimental results when measured. The simulation and test results
were very close to each other when traveling-speed ranges from 6 km/h to 10 km/h. There
difference in results between the traveling-speed 12 km/h and 18 km/h significantly

increased. The difference between the results at a traveling-speed of 18km/h was 15%.
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Fig. 6. Comparison of suction removal efficiency between experiment and simulation
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Effect of pressure change on particle removal efficiency
Fig. 7 shows the effects of the pressure drop on particle removal efficiency. The small-
scale efficiency decreases slightly with decreasing pressure, but for large-sized particles it
increases significantly. A drop in pressure has a clear effect on efficiency at levels ranging
from 1800 Pa to 2100 Pa, for large-sized particles, the efficiency of wig removal for a
pressure drop from 2100 Pa to 2400 Pa does not increase significantly, but a relatively high
efficiency is achieved at 2400 Pa. Experience has shown that it is possible to control
relatively small particles, and to pressure 2400 Pa the removal effect is higher than 0.96 n
when the particle size is 10 mm.
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Fig. 7. Effects of pressure drop on suction removal efficiency
Conclusion

This study involves measuring and evaluating factors affecting particle removal
efficiency in an improved pick-up head model of a regenerative air vacuum sweeper. The
results of numerical simulation were confirmed by conducting experiments using a specially
developed experimental setup system.

The simulation results show that the structure and mass of the particles, sweeper
speed, the distance between the pick-up head and the road surface clearly affects the
efficiency of particle removal. In many cases, the composition of waste and particles on the
road surface will vary. Simulation and experiments have shown that the change in particle
weight relative to the change in particle size has a higher effect on cleaning efficiency. If the
velocity and pressure of the airflow in the suction mouth of the particles of the pick-up head
are insufficient, which leads to a decrease in efficiency and affects the lifting and removal of
road surface particles.

High sweeper speed leads to a shortening of the sweeping period by removing
particles from the road surface. The regenerative air sweeper has a superior suction removal
efficiency during changes in particle composition and different road conditions when moving
at a speed of 5 km/h to 10 km/h.
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Abstract. The article presents the results of experimental and analytical studies to identify dilemma
areas, taking into account the specifics and conditions of traffic at signalized intersections. This dilemma zone is
formed due to the fact that the driver is faced with the problem of making a decision when transferring the right
to move from one (traffic) stream to another: to slow down and stop the car before the intersection or to
continue driving and enter the intersection. As a rule, the decision to continue driving is accompanied by an
increase in speed in order to leave (vacate) the intersection before the red light turns on in accordance with the
requirements of the Traffic Rules. This circumstance increases the potential danger of interphase conflicts that
arise at the intersection when transferring priority.

Depending on the distance to the intersection and the speed of traffic, drivers may not be confident that
they will stop in time, or they may be confident that they will leave the intersection before the conflicting traffic
begins to move, which creates an area of dilemma and in turn leads to accidents (mainly collisions with a blow
from behind). It was found that with constant duration of green flashing and yellow signals, the dilemma area
increases with increasing speed; for constant speed and constant duration of green flashing and yellow signals,
increasing deceleration or acceleration leads to a decrease in the dilemma area; increasing the size of the
intersection directly increases the length of the dilemma zone.

It has also been established that multipoint detector systems are more acceptable for traffic light objects
where high speeds or a large spread of speeds occur, as well as the fact that an excessive increase in transition
intervals does not always lead to a positive result, especially since this leads to an increase in delays and stops
Vehicle.

Key words: accident reduction, signalized intersection, vehicle detectors, dilemma zone,
interphase conflicts, conflicting flow, multipoint detector systems.

Introduction

There is a problem that worries designers, safety and traffic management specialists
[1], [2]. Drivers approaching an intersection are often faced with the dilemma of whether to
stop or continue through the intersection when the green light is flashing or when the yellow
light begins to glow.

Research has been conducted on detector placement to reduce this problem [3], [4].
The article identifies a number of factors that influence the problem of the “dilemma zone”
and describes several detector layouts that have proven to be effective in accordance with the
control algorithms used at these sites [5]-[8].

Analysis of vehicle traffic conditions when transfering the right to drive

If the driver decides to stop, then after a short decision time he begins to brake [9],
[10]. The distance the vehicle travels after the green light starts flashing includes the distance
traveled during the decision time and the distance traveled during the braking time. The
following inequality should guarantee a safe stop [8], 11]

2

Vv
X2>2v-t+—, 1
*od )

here: X — distance to the stop line when the green flashing light turns on, m;
v — the speed at which the car is moving, m/s;
t — decision making time (usually 1 s);
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d — car deceleration, m/s?,

Safe and comfortable braking occurs if the vehicle deceleration does not exceed one
third of the free fall acceleration. Using d* to denote the critical deceleration under normal

road conditions, then the braking distance can be defined as
V2
X =V-t+ . 2
° 2d * @

The Xs value is the minimum distance to the stop line at which the car can stop safely
and comfortably after the green signal starts flashing. The area between the stop line and the
Xs zone is a zone in which drivers are not expected to stop, “no stopping” (Fig. 1).

e
|

Figure 1. “Can’t stop” zone

If the driver decides to increase his speed and drive through the intersection, then the
following inequality must hold:

a(Gf +Y —t)?

Xc < V(Gf +Y) + —(W +L), 3)

rae Xc — safe distance, m;

Gf — green signal blinking time, s;

Y — time of yellow traffic light, s;

a — vehicle acceleration, m/s 2;

W — intersection width, m;

L — intersection width, m.

The resulting inequality allows the driver to leave the intersection before the red light
turns on.

The acceleration acceptable to the driver can be obtained from the expression

a=49-0,213v, 4)

From this expression it can be seen that greater acceleration can be achieved if the
driver drives at a lower speed [12], [13]. Distance Xc is the maximum distance from the stop
line from which the driver can drive through the intersection before the red light turns on. Xc
can be defined as:

a(Gf +Y —t)?

Xc=v(Gf +Y)+ 5

-W+L). ()
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It is expected that all cars located further than the distance Xc will not be able to pass
the intersection before the red light starts flashing and thus they will be in the “no moving”
zone (Fig. 2).

NN

AC

Figure 2. “No moving” zone

Since Xs and Xc are easily calculated distances, their relationship can be expressed by
one of the following inequalities:

Xs > Xc,
Xs = Xc,
Xs < Xc.

In the first case, when Xs > Xc, an overlap zone appears in which the driver can either
stop or continue driving when the green signal flashes. This zone is called the “dilemma
zone” (Fig. 3). In this case, the driver of one vehicle in the dilemma area may brake at the
start of the green light flashing, while the driver of the other vehicle may accelerate, resulting
in an increased risk of side or rear-end collisions [6], [8], [13], [14].

——————————— =~ y
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Figure 3. Dilemma zone (Xs > Xc)

In the case when Xs = Xc, the dilemma zone disappears and therefore the problems
described in the previous paragraph do not exist (Fig. 4). Drivers in a "No Moving" zone will
be able to stop safely and calmly, while drivers in a "No Stopping™ zone will be able to
successfully accelerate through the intersection.
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Figure 4. No dilemma zone (Xs = Xc)

No moving

In the third case, when Xs < Xc, in the zone between Xs and Xc the driver can both
stop and brake safely. Therefore, this zone is considered as a free choice zone (Fig. 5).

|

\ Can nof stop \‘
No moving

Free choice Xs |
Zone |
i

Xe

Figure 5. Free choice zone (Xs < Xc)

From this simple analysis it can be seen that a dilemma zone appears if Xs > Xc.
From expression (2) and (5) it can be seen that Xs is a function of speed, decision time and
deceleration, while Xc is a function of speed, decision time, acceleration, green flashing time,
yellow flashing time and intersection dimensions. By analyzing and comparing these
functions, several main conclusions can be drawn:

- with a constant duration of green flashing and yellow signals, the dilemma area
increases with increasing speed;

- for constant speed and constant duration of green flashing and yellow signals, an
increase in deceleration or acceleration leads to a decrease in the dilemma area;

- increasing the size of the intersection directly increases the length of the dilemma
zone.

In a strict control mode of a traffic light object, the problem of the “dilemma zone” is
usually solved by increasing the transition interval, which in turn leads to an increase in
vehicle delays.
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In adaptive traffic light control, the problem of “dilemma zone” can be solved by
properly positioning vehicle detectors [12], [14]. In this case, detectors can be placed before,
within, or after the dilemma zone to reduce the likelihood of a vehicle entering the dilemma
zone when the green light begins to flash.
Depending on the control algorithms, we will consider three main ways of arranging
detectors.

Control algorithms that increase the duration of the green signal

In this case, the peripheral technical means of traffic management include two
inductive loops (detectors). The concept of this control algorithm is very simple and consists
of finding the car before it gets into the dilemma zone, and then increasing the duration of the
green light until the car leaves the dilemma zone.

The layout of the detectors is shown in Figure 6. The location of the frames in this
case is determined by the 85% confidence interval of the velocities. The following
expressions are used to find the distance to the frames:

0,003v? V2
D=0,44vt+——, D=v-t+—, (6)
¢ 209
v
D, =147v| —+1]|, 7
RPYER o
D,=D-D,, (8)
here v — 85% confidence interval of speed, m/s;
t1 — driver reaction time, s;
¢ — adhesion coefficient;
D — stopping distance, m;
D1 — stopping distance, m
D2 — interval between frames, m.
[
L
I Stop line
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‘ 82 Dilemma Zone S1
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Figure 6. Using two detectors for the algorithm for increasing the duration of the green
signal

Assuming the frames are positioned as shown above, a car passing over frame S1 will
activate a timer which will increase the duration of the green signal in order for the car to
reach frame S2 in time T1. At the same time, when the car passes over frame S2, the second
timer will keep the green signal until the car reaches the intersection. This scheme does not
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guarantee that if a car is traveling at a speed that falls within the 85% confidence interval,
then it will not enter the dilemma zone.

Calling algorithm
This concept uses a 21 m presence frame located upstream of the stop line and a small
call detector located 75-150 m from the stop line (Fig. 7). The value of D is calculated using
formula (6), and the 85% confidence interval of the speed or the maximum permitted speed is
also used. D2 is equal to 21 meters. T1 is set adequately by D1 (which is equal to D — D2)
divided by the lower rate, which basically corresponds to the 15% confidence interval. This
time is set on the call detector timer. The road controller operates in presence control mode.

) D2=21wm >« D1 >

|
‘ } —12lq T1 >

Figure 7. Using a calling detector

This scheme ensures that the last car before a gap in traffic and cars traveling below
the speed limit do not get caught in the dilemma. Trailing vehicles may end up on the end of
the extended green signal. The 21-meter presence frame ensures that vehicles stopped while
the light is red will leave the intersection without the gap being detected prematurely.

Multipoint detector algorithms

The two methods described above use two detectors each. These methods can be used
effectively at low speed intersections. As discussed above, as speed increases, the dilemma
area increases, and therefore more detectors are needed to accommodate a wide range of
driving speeds. In world practice, there are a number of methods for determining the location
of detectors. Let's consider one of them.

The technique uses one-second intervals of vehicle movement. The furthest detector
from the intersection is located at the safe stopping distance from the intersection for the
highest speed (Figure 8). The safe stopping distance is based on a reaction time of 1 second
plus braking distance, corresponding to a friction coefficient of 0.41-0.54 for speeds of 30—
90 km/h. The next detector is located at a safe stopping distance for vehicles traveling at a
speed 15 km/h less than that set for the first detector. If the travel time between two detectors
is more than 1 s, then the second detector is moved so that cars can reach it within 1 s set in
the controller.

This procedure for installing the frame is repeated until the last frame is located at a
distance of about 23 m from the stop line, each time reducing the speed by 15 km/h relative
to the one in question. The minimum duration of the green signal is set in the controller so
that vehicles stopped between the last detector and the intersection can leave it.
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Figure 8. Installation of multipoint detectors

Since the length of the dilemma zone increases with increasing speed, more detectors
are needed to guide cars through the dilemma zone. In addition, the greater the interval
between detectors, the greater the interval between vehicles and the less efficient the
controller.

As practice has shown, multipoint detector systems are more suitable for objects
where there are high speeds or there is a large spread of speeds.

Conclusion

The existence of the dilemma zone problem should first of all be paid attention to by
specialists responsible for the design of traffic light facilities, as well as road safety
specialists. Side-impact and rear-end vehicle collisions remain the primary collisions at these
sites. An excessive increase in transition intervals does not always lead to a positive result,
especially since it leads to increased delays and vehicle stops. The correct use of vehicle
detectors will allow them to be used as an additional tool in solving this problem.
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STUDY OF PERFORMANCE INDICATORS OF EXCAVATORS
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Abstract. The article presents a study of the indicators of the process of the appearance of failures
of an excavator, operational indicators of the reliability of machines such as: the average number of failures,
the parameter of the flow of failures and the time between failures and presents methods for determining
these indicators. Based on the results of the study, the values of the excavator's time between failures were
determined. The values of gamma-percentage resources limiting the reliability of parts and assemblies of the
DOOSAN brand excavator have been established.

Keywords: reliability, failure, flow, parameter, process, operating time, average number of failures.

Introduction

High rates of construction of roads, as well as industrial and residential facilities, are
ensured with the intensive and reliable operation of road-building machines. Therefore,
increasing the efficiency of use and reliability of machines that meet the requirements of
operation in various climatic zones, namely hot climate zones, is a very urgent problem for
the Republic of Uzbekistan.

It is known that the reliability of machines manifests itself in the process of use and
depends on the methods and operating conditions, the adopted system for its repair,
maintenance methods, operating modes, as well as climatic operating conditions.

Based on this, the study of the reliability indicators of hydraulically driven single-
bucket excavators operated in a hot climate zone is a particularly integral task of the study.

The problem of increasing the efficiency of road-building and specialized machines,
especially those with hydraulic drive in hot climates, can currently be solved in two ways.

The first is the adaptation of the design of existing machines used in the conditions
under consideration by equipping it with special equipment, which makes it possible to
reduce the negative impact on the design of factors, adverse operating conditions of the hot
climate zone.

This path is more accessible to operators, makes it possible to make fuller use of the
potential of machine design, but by no means solves the problem under consideration as a
whole and at the required technical level.

However, the existing huge fleet of road construction machines operating today in the
hot climate zone still urgently requires the implementation of this path.

The purpose of developing management methods for technical operation, i.e. the
processes of service maintenance and repairs of road-building machines with a hydraulic
drive are to ensure the operability of the machines in operation. Operability - the state of road
construction machines, in which the values of all parameters, including resource indicators of
reliability, characterizing the performance of specified functions, meet the requirements of
regulatory and technical and design documentation. [1, 3, 8, 24].

Materials and methods

The performance indicators of single-bucket excavators include: operating time T,
average number of failures dj, failure flow parameters A;, time to failure Tnar, gamma
percentage (80 and 90%) resources of parts and assemblies, utilization factors Ki and
technical use K:i. and etc.

To determine the mean time to failure, it is necessary to have observational data
during the period of operation or testing of the machine under specified conditions. Time to
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failure is determined ti, t2, ts, ...... , th machines, and with the help of these operating hours,
an indicator of the average operating time is obtained
1 N
Thig = _Zti )
N 3

where t; - operating time of parts and assemblies, hour;

N - number of machines.
In the case of the Weibull distribution

Tnia = aG (1+ %) )

Where a and b — constant distribution parameters;
G- gamma function sign;
and for the Rayleigh distribution

oot
Tmld—a7 (3)

For repaired parts (products for the period from operating time t1 before running time
t2) time between failures is determined
tz _tl
H(tZ)_H(tl), (4)
or approximately:
T = -4
mt,)-m(t, ) (5)
where H(t1) and H(t2) - respectively characterizes the flow of failures from the period
of operation t1 to operation tz;
mmid(t1) and mmida(t2) - respectively, the average number of failures from the period of
operation ti to operation ta.
After some work To function H(T), characterizing the flow of failures becomes linear
and takes the form
H (T): H (To)+Q)(T-To) ) (6)
where m=const. Period T=T, called the run-in period; ®=T, characterizing the failure
flow parameter is determined by the equation
o(r)= 910
ar (7)
or approximately

imi(T +AT)—§mi(T)

o(T)=12

NAT (8)

where N- number of monitored machines;

AT — a fairly short period of time;

mi - the number of failures for each product (machines, mechanism and parts). [1, 6,
10, 23]

Further, approaches and other ways are presented for determining the reliability
indicators of the investigated single-bucket excavators with a hydraulic drive using machines
in a certain period of operation, the purpose of determining the reliability indicators of the
studied machines, assessing their functioning in a hot climate zone, determining the influence
of operating conditions factors on the efficiency and reliability of machines. In this case, for
single-bucket excavators with a hydraulic drive of the DOOSAN brand in the operating
conditions of a hot climate zone.
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Fig.1. The structure of the study to determine the performance indicators of the
reliability of excavators.

The average number of failures per one surveyed machine in i-operating time interval
(Tnar), was determined by the formula

j
N, ©)
where m;j - the number of failurees for all machines in a given interval;

N;j - the num 4

7 ber of machines observed in this interval.

The time between failures for the observation period was determined by the formula
TI‘IaI’ (10)

T=o
24

where Tnar - Operating time for the observation period, moto-hour;

29 total average number of failures.
The failure flow parameter is determined by the formula

A (12)
where A - operating intervals of controlled machines;
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d . .
- average number of failures per machine.
Increasing the working capacity offers an increase in the proportion of time that road
construction machines are in working condition. Therefore, an indicator of the measure of
achieving the goal can be the coefficient of technical use Kr...
Achieving the goal is ensured by reducing the number of unscheduled repairs, i.e.
operational repairs in excess of standard service downtime and repairs, downtime due to

untimely delivery of spare parts. [1, 2, 14, 23]

The structure of the study to determine the operational reliability indicators of

excavators is shown in fig. one.

The algorithm block diagram for determining the performance indicators of the
reliability of the excavator is shown in fig. 2.
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Fig. 2. Algorithm of the block diagram for determining operational excavator reliability
indicators
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Management of the processes of maintenance and repair of road-building machines, as

well as the technical condition of hydraulically driven road-building machines is aimed at

increasing the level of their reliability in operation. It includes control and accounting of the

technical condition of road construction machines, units and assemblies optimal planning and

organization of maintenance and repair based on predicting changes in the technical

condition, as well as through operational reliability indicators such as MTBF (Tnar ), bounce

flow parameter (ﬂbi ) and gamma-percentage resources of parts and assemblies.
Results and Discussion

Further, according to the methodology, performance indicators are calculated that
characterize the resource values of the use of machines. The average number of failures per
machine in the th interval is determined by formula (9), the failure rate parameter by formula
(11), and the time between failures by formula (10) and the results are presented in Table 1.
[4,9, 20]

The results of calculating the values of the parameters of the failure flows (3;), for j -
that intervals of an operating time. Calculation of the average number of failures per machine
in j - that operating time interval is made according to the formula (9).

dip=mji/Njp=11/5=2.2
di2=mj2/ Nj2=8/6=1,33
diz=mjs/ Nj3=7/4=1,75

and the calculation of the failure rate parameter in j - that interval of operating time
was carried out according to the formula (11)

Ar=djisAji=2,2 /250 =0,0088
Ai2=dj2/ Aj2= 1,33/ 250 = 0,0053
Ajz=djss Ajs=1,75/250 = 0,0070

the values of djr» and Ajn were calculated in a similar way, and the calculation results
are summarized in Table 1.

Planning of operational repairs, considering the working capital of units and assembly
units, as well as the availability of posts for the repair of a particular enterprise, in order to
reduce abnormal downtime of machines in case of failure. The failure rate parameter of the
DOOSAN shovel excavator is presented in Table 1.

Table 1. Failure flow parameter of the excavator

No Operating The number of cars The number Average Fault flow
intervals observed in this of machine number of parameter Aj
interval Nj failuresin a failures per
given interval machine dj
m;

1 0-250 5 11 2,20 0,0088
2 251-500 6 8 1,33 0, 0053
3 501-750 4 7 1,75 0,0070
4 751-1000 5 7 1,40 0,0056
5 1001-1250 3 4 1,33 0,0053
6 1251-1500 3 5 1,67 0,0066
7 1501-1750 5 6 1,20 0,0048
8 1751-2000 5 8 1,60 0,0064
9 2001-2250 6 9 1,50 0,0060
10 2251-2500 4 7 2,75 0,0070
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11 2501-2750 5 8 1,60 0,0064
12 2751-3000 6 8 1,33 0,0053
13 3001-3250 4 7 1,75 0,0070
14 3251-3500 5 10 2,00 0,0080

Next, let's build a graph of the relationship between 2j, and T of the failure rate
parameter of a single-bucket excavator of the DOOSAN brand. The graph of the dependence
between 2 of the failure rate parameter and T operating time of the DOOSAN excavator is
shown in fig. one.

Aj '\
0.8
0.7 \

\ — . I\ / /

o 14
0.4

0.3

0.z

0.1

0 500 7000 7500 2000 2500 3000 3500 T

Fig. 3. Dependences of the failure rate parameter A; and the operating time of the
DOOSAN brand excavator; T, =1092h T ., =1816h

Based on the obtained failure rate parameters, the value of the time between failures
of the studied single-bucket excavator of the DOOSAN brand was determined. The time
between failures T of the investigated single-bucket excavator with a hydraulic drive of the
DOOSAN brand was determined according to the formula (10)

T =Thnar/ Ydj=3500/ 21,46 = 163,1 hour/failure.

As can be seen from Fig. 1. The initial period of operation of excavators with an
operating time of up to 750 motor-hours is characterized by an increase in the failure rate.
This is primarily due to the fact that during the initial period of operation, the parts of the
machine are running in and some types of technological defects appear, sometimes referred to
as factory failures of machines.

The second period of operation from 750 to 3000 hours is characterized by normal
operating conditions of the machines, i.e. stable operation. Because, during this period of
operation, the value of the failure flow parameter stabilizes, and fluctuates around the values:

AM=1/T=1/163,1=0,0061.

The third period of operation of the machines begins with the operating time of 3250
motor-hours. During this period of operation, the value of the failure rate parameter tends to
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increase and is explained by an increase in the wear of parts of the DOOSAN shovel

excavator.

When determining the average number of failures per machine in the j - that interval
of operating time, the obtained data presented in Table 1 was used to clarify the number of
machines Nj that came across in the j - that interval.

The results of the study: the parameter of failure flows, time between failures and in
general for machines, as well as average resources or average time intervals are used to solve
practical problems in the operation of machines, namely, when predicting and determining
the need to replace parts, assembly units, units for the planned period for the fleet of
machines or planning the production of spare parts.

Planning for operational repairs, considering the working capital of units and
assembly units, as well as the availability of posts for the repair of a particular enterprise, in
order to reduce abnormal downtime of machines in case of failure. [12,15,18,21]

The failure rate parameter of the DOOSAN shovel excavator is presented in Table 1.

Further, we consider methods and determination of resource indicators of parts and
units of limiting reliability of machines, using the example of a single-bucket excavator of the
DOOSAN brand.

It is known that certain values of resource indicators of parts and assemblies of
machines make it possible to justify the time, frequency and need for maintenance of
machines, and can also be the basis for the development of technical specifications on the
need for operational repairs.

The established resource indicators of parts, components and assemblies of machines
allow the rational organization and conduct of current repairs of machines, and these
indicators can fully replace the frequency of current repairs of specific components and
assemblies, as well as quickly wearing parts and their assemblies.

Next, we consider the theoretical and methodological foundations for determining the
resource indicators of parts and machine assemblies. Calculation of the ordinate of the
empirical resource distribution function of the part and assemblies. [5, 7, 11, 22]

In this paper, we consider the definition of resource indicators for parts and
assemblies of single-bucket excavators of the DOOSAN brand as an example, which allows
you to set the time for current repairs, as well as the replacement of wear parts in operating
conditions, which are the result of a gradual failure of machines.

We calculate the resource indicators of the cuff 90 x 110 of the hydraulic cylinder of
the boom of a single-bucket excavator of the DOOSAN brand. The increment of the first
resource value is calculated according to the formula (13):

= N+1-m _ 20+1-0 105
N+1-N, 20+1-1

The serial number of the first resource value is determined by the formula (14)

m, =m_ +A, =0+1,05=1,05

Next, we determine the first orbit of the empirical function by the formula (15)
m; 105 _005

T N+1 2041
Thus, we calculate similarly for the increment of the second resource value A= AZ,
N, =2

- N+1-m _20+1-105 105

N +1-N, 20+1-2
And the ordinal number of the second resource value is equal to

under
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m,=m_, +A,=105+105=21

The ordinate of the empirical function of the second resource value is

N = m2 = E- = 0,1
2 N+1 21
Next, we calculate the increment of the fourth resource value A=A, .
N+1-m 20+1-21
L= = =111
N+1-N, 20+1-4
Then the ordinal number of the resource value is equal to
m,=m,+A,=21+111=321
And the ordinate of the empirical function is
Fo-me 321 445
N+1 21
Calculation of the increment of the sixth resource value, A =Aq

~ N+1-m  20+1-321
° N+1-N, 20+1-6

Then the ordinal number of the resource value is equal to
m, =m, +A, =3,21+119=4,40
And the ordinate of the empirical function is

m
F,=—2%= A4 0,21

N+1 20+1
Further, the subsequent increments of the resource values are calculated in a similar

way, and the results of the calculations are listed in the table 2.

Based on the results of the calculation presented in Table 2, we construct the graphical

ordinate of the empirical function between F, —T . to determine the 80% and 90% resource

nar

of the cuff 90 x 110 of the hydraulic cylinder of the boom of the DOOSAN excavator, which
is presented in fig. 4.

=119

Table 2. Calculation of the ordinate of the empirical resource distribution function of the cuff
90 x 110 excavator brand "DOOSAN"

Ne  MTBF Num Numb Number Number of Resour Seque Empir
T, ber er of of machines ce nce ical

of suspe machin N +1-m, N +1-N,value numb  functi
stop nded es stops increme er of on
ped runnin N, nts A the ordina
runn g resour  F
ing  hours ce e
hour n, value
Sri mi

1 377 1 1 21 20 1,05 1,05 0,05

2 404 1

3 422 1 2 19,95 19 1,05 2,1 0,10

4 457 1

S) 481 1 4 18,9 17 1,11 3,21 0,15

6 487 1

7 585 1 6 17,79 15 1,19 440 0,21
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8 652 1 1,19 559 0,27
9 711 1 1,19 6,78 0,32
10 758 1

11 825 1 10 4,22 11 1,29 8,07 0,38
12 859 1

13 917 1 1,29 9,36 0,45
14 986 1 13 11,64 8 1,46 10,82 0,52
15 1086 1 1,46 12,28 0,58
16 1172 1 1,46 13,74 0,65
17 1261 1

18 1414 1 18 3 2,42 16,16 0,77

19 1473 1

Fas,
r

07 -

T fasorcwee
115 F00 430 00 750 200 1058 1260 1350 1500 £ 7

Fig. 4. Determination of 80% and 90% resource cuff 90x110 hydraulic cylinder
excavator brand "DOOSAN";

T o =768 T o =1322h

From the constructed graph of functions fig. 2. it can be seen that 80% and 90% of the
resource of the cuff 90 x 110 of the hydraulic cylinder of the excavator boom is T, ~=580,0

moto-hour, and 90% resource is equal to T, = 422,0moto hour.

Thus, these established resource indicators for the cuff of the hydraulic cylinder of the
excavator boom can fully replace the frequency of the current repair of hydraulic cylinders to
replace the worn-out set of seals. [18,19,24].

Conclusion

According to the results of the research, we can draw the following conclusions: The
parameter of the failure rate of the DOOSAN brand shovel excavator has been determined
and justified. The regularity of the distribution of the failure flow parameters of the single-
bucket excavator of the brand "DOOSAN" was studied and determined. The values of
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gamma-percentage resources limiting the reliability of parts and assemblies of a single-
bucket excavator of the DOOSAN brand were determined and substantiated, namely:
- gamma-percentage (80% and 90%) cuff resources 90 x 110 of the hydraulic cylinder

: . T,. =580,
of the excavator boom, which are equal, respectively P& 580,0 moto hour and
T =4220
Poo moto hour;
- gamma-percentage (80% and 90%) resources of the cross of the connection of the
: . . T =1816,
bridges of the excavator, which are equal, respectively Peo 816,0 moto hour and
T, =1092
pgo =109 moto hour;
- gamma-percentage (80% and 90%) resources of the excavator working equipment
: . : T, =1322, T =768,
ring, which are equal, respectively P& 3220 moto hour and P9 68,0 moto hour.

The developed method for determining the gamma-percentage resources of parts and
units of limiting reliability of machines allows planning the consumption of spare parts (parts
and units) of the DOOSAN brand excavator.
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