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Rud А.V., Evstratov V.А., Evstratova N.N. 

METHODS OF UPRIGHT SCREW CONVEYER EFFICIENCY 

IMPROVING BASED ON ITS ACTUATING ELEMENTS IMPROVEMENT 

Shakhty Institute of Platov South – Russian statement polytechnic University  

(Novotchercassk polytechnic Institute), 

Russia, Shakhty, Lenin square, 1, 346500 

 

Abstract. In this paper we describe the methods of upright screw conveyers 

efficiency improving. Material flow handling process description in an upright screw 

conveyer with screw blade generator inclined to the screw axis normal is given.  A 

set of equations  describing the material flow handling process in an upright screw 

conveyer with corrugated tube inner surface is given; tubes modifications of the type 

are shown in section. 

Key words: upright screw conveyer, corrugated tube inner surface, screw blade 

generator.  

Introduction 

Currently manufacturing handling of loose and dust-like materials in aggregates, 

binding materials, and construction stoneware manufacturing processes  is handled by 

screw conveyers by 70 to 80 per cent. This vast scope of application at manufacturing 

handling of various materials in construction industry due to  such advantages  of 

screw conveyers as simple design, small size, the possibility to transport continuously 

in any direction, air-tightness, the possibility to transport dusty materials. But there is 

an essential disadvantage about the screw conveyers. The material moves not only in 

the direction of transportation, but it also rotates in the direction of the screw 

peripheral speed, the angle between its instantaneous speed vector and the conveyer 

long axis being about 85 – 88°. This considerably decreases the conveyor efficiency 

and increases the transportation process energy-output ratio [1]. To solve the problem 

some various modifications of either the shaft or the tube are suggested.  
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In the paper [2] a screw blade with its generator inclined at an angle ψ  with the 

screw axis normal is suggested in order to reduce the angle between its instantaneous 

speed vector and the conveyer long axis. The set of equations describing the material 

flow handling process in a conveyer with the modified blade is derived: 

 

0cos22 =−−+− ϕγβ dmRtttyozxozssxоуs VSPfSSPfSP ; 
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where sP - material flow pressure on the screw blade, Pa; tP  - material flow 

pressure on the tube inner surface, Pa; Sxoy -  the area of the projection of the blade  

sector on the xoy plane, m2; R - screw blade radius, m (fig.1); х - integration variable, 

m (fig.1); r – the radius of intersection point of the material free surface projection 

and the screw blade, m (fig.1), Rϑ - the angle of maximum slope at the screw blade 

edge,°; Sxoz- the area of the projection of the blade  sector with the central angle  ϕ∆  

in the segment from r  to R  on the xoz plane, m2; ϕ∆  - unit angle at the working area 

of the screw blade,° (fig.1); ψ - the angle contained by the screw blade generator and 

the normal to the axis,° (fig.1); Syoz - the area of the projection of the blade sector  

with the central angle ϕ∆  in the segment from r  to R  on the yoz plane, m2; Sц - 

contact area of the material element with the conveyer inner tube surface , m2; mγ - 

bulk weight of the material, N/m3; sf  - friction coefficient of material against the 

screw blade; tf  - friction coefficient against the tube; ω0 - screw angular velocity, с-1; 

Rα - the helix angle on the screw blade edge, ° (fig.1); Rβ - the angle contained by 

absolute velocity vector of the material and the screw axis at the screw blade edge, °; 

..мцα - the helix angle at the distance  ..мцρ  from the axis, °; ..мцβ  - the angle 
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contained by the conveyer longitudinal axis and the material centre of mass direction 

for the conveyer, °; 2/81,9 смg = - free fall acceleration; ϕdV - material volume 

engaging the sector of the blade  with the central angle ϕ∆ , m3(fig.1); ..мцρ  - the 

material centre of mass coordinate, m; 

 

Fig. 1. The material volume on the screw blade sector, the blade generator 

being sloped from the axis to the periphery. 

In the papers [3,4] square or rectangular corrugation on the tube inner surface at 

an angle to the conveyer longitudinal axis is suggested in order to reduce the angle 

between its instantaneous speed vector and the conveyer long axis (fig.2). 

 
Fig. 2.  The tubes with corrugated inner surface: a) with the rectangular 

corrugations; b) with the square corrugations  

The set of equations describing the material flow handling process in an upright 

screw conveyer with corrugated tube inner surface is 
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where Ps –  the pressure of the material volume engaging the sector of the blade 

η∆  on the screw blade; η∆  – the central angle of the blade sector; vS  - vertical 

projection of the sector of the blade η∆ ; hS  - horizontal projection of the sector of 

the blade η∆ ; Pt – the pressure of the material volume on the tube inner surface; St – 

the contact area of the material volume element with the tube inner surface ; ηdV  – the 

material volume engaging the sector of the blade η∆ ; α – the helix angle; β - the 

angle between the material instantaneous speed vector and the conveyer long axis; γ  

- the bulk weight of the material; ϕ  – the corrugations twist angle; ψ  – the angle 

between the material flow direction and the conveyer long axis; 2/81,9 смg = - free 

fall acceleration; sf  - friction coefficient of material against the screw blade; 1Zf , 1Yf  

– friction coefficients  of the tube inner surface against the material flow in the 

directions of the material flow axial and angular velocities correspondingly [5].  

Conclusions 

The problem of upright screw conveyers efficiency improving due to reducing 

the angle between its instantaneous speed vector and the conveyer long axis can be 

resolved in various ways, for example, due to the screw or the tube modifications. 
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Abstract.Article is devoted to development of  practical model for a choice of 

technological processes in mechanical engineering optimum parameters. It is shown 

that application of simulation models allows to optimize technological process, to 

increase its efficiency, to lower load of the personnel, and also risk of working 
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capacity loss, receiving injuries and skeletal and muscular frustration. 

Key words: machine-building production, simulation modeling, technological 

process. 

In the past two decades one of the world's most pressing problems is the increase 

of efficiency of activity of the personnel of the enterprises of various industries. 

Many companies are identifying the reasons for the ineffectiveness of technological 

processes, using modern tools like, for example, simulation. 

One of such directions is the account of ergonomic parameters. So, if earlier, the 

basis of ergonomic calculations was either intuition or rough estimates, today special 

software solutions are used on the basis of accurate three-dimensional model of the 

person that allows to reduce the cost of physical modeling of processes and reduce 

the risk of injury. Such approach allows to refuse from the more costly physical 

modeling, significantly reduce the ergonomic analysis, since such an analysis can be 

conducted in parallel with technological preparation of production, and not after their 

launch, and to raise efficiency of the production. 

The results of the simulation can reduce the number of future errors, 

discrepancies, revealing their early stages, which allows reducing the time required to 

release the product on the market, thereby increasing the competitiveness of the 

identified errors later stages of the product life cycle leads to the increase of the 

production costs (Fig.1) [1]. 

0
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40

A- reduction of
terms

B - reduction of cost
of production

C- reduction of cost
of design

Profit, %

 
Fig.1. Influence of various factors on profit at the production complex 

product with a duration of life cycle of 5 years: 
A - REDUCING DELIVERY TIMES FOR 6 MONTHS; 

B - DECREASE THE COSTS OF PRODUCTION BY 9%; 

С - REDUCING DESIGN COSTS BY 50%. 
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On the expediency of such approach to improving the performance of the 

production staff demonstrated by examples of its application in companies with a 

global brand. For example, in one of the companies producing home appliances 

"Whirlpool" a special project was developed for the optimization of the design of a 

modern model of a washing machine with vertical loading to the Indian consumers, 

which considers such factors as anthropometry nation, ergonomic control, visibility 

and comfort (Fig.2). The aim of this project was to supply ergonomics assembly and 

operation of the new model of washing machine and before starting a new production 

line. Thus, the company was confident that they created a really good product. 

 
Fig. 2. Ergonomic analysis of the new models of washing machines of the 

«Whirlpool» company  

 

Another example is the project of the company «Northrop Grumman 

Corporation (NGC) - one of the largest defense enterprises of the USA, where the 

simulation based on a digital model of the man served as the basis for development of 

the packaging process of central part of the fuselage, located between the rear of the 

cabin bulkhead and the wings of fighter-bomber, the 5th generation of "Lockheed 

Martin F-35". The aim of the project was to decrease risks of mechanical injuries to 

workers on the assembly due to repetitive stress, awkward postures, as well as painful 

shocks head and other parts of the body in limited space. According to the company, 

thanks to this project they managed to reduce the loss by $ 1 million a year for one-
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time investment of $ 200 000 digital video production. 

World car manufactures increasingly use digital model of production that due to 

the high competition, connected with the growth of motorization in all миределает 

them one of the main users of these technologies. So, company «Volkswagen» one of 

the first in its industry began to apply the simulation of Assembly processes to 

improve the efficiency of its production. The company established a separate service 

of specially trained engineers dealing with ergonomic support of production. 

Simulation with the use of the software product «DELMIA V5 HUMAN» provides 

the possibility of computer simulation of conditions of work and check their 

applicability in production before it comes to their implementation in the real world 

(Fig.3, 4) [2].  

  
Fig.3. The analysis of the collision of 

a human head with the element body of 

the car 

Fig.4. Analysis of assembly 

operations in confined space vehicle 

Russian enterprises also introduced modern approaches to virtual ergonomics. 

One example is the project of JSC «KAMAZ», which aims at identifying the 

maximum error construction and manufacturability of the assembly of new models of 

KAMAZ truck to production. The main idea of the project is to conduct a simulation 

of assembly processes, which will determine the manufacturability of the assembly 

process, eliminate harmful for the collector contacts and collision. Project 

«Development of the processes in the 3D format» is realized together with company 

Siemens with the use of software solutions Tecnomatix Process Simulate (fig. 5) [3]. 
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Fig.5. Ergonomic analysis of position of a body 

 

These examples demonstrate the advantages of virtual ergonomics: 

• enhanced ease of use: the designers and engineers can early examine in the 

design process of a model various options for alternative decisions and choose 

optimal from the point of view of ergonomics; 

• a more efficient design process: virtual ergonomics helps to reduce periods of 

execution of engineering works, reduce their cost, while improving the quality of 

decisions, without resorting to life size modeling; 

• reduction of industrial injuries: company, where production applies a 

significant number of manual operations can be the most efficient virtual ergonomics, 

increasing labor productivity and efficiency of the staff (fig.6). According to the 

Bureau of the U.S. labor and statistics, American employers spend more than $ 7.4 

billion in workers compensation and still larger on treatment, court costs, hidden 

costs and loss of productivity; 

• increase in speed, throughput and quality of the production processes:virtual 

ergonomics can be used to increase the cycle time and the bandwidth of the 

technological process [2]. 
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Fig.6. Fragment of the summary table of ergonomic analysis OWAS (figure 

4 indicates the maximum dangerous pose) 

 

Another advantages of application of a virtual ergonomics in design is the 

possibility of testing the design phase of the maintainability of the car, which is an 

important aspect of improving the efficiency of its service maintenance. As the 

competitiveness of car manufactures is currently largely depend upon the 

effectiveness of branded service network, the virtual ergonomics is becoming one of 

the ways for its improvement. 

Despite the novelty of the approach to improving the production applying virtual 

ergonomics, not all opportunities improve used. Such can be attributed to the 

technology of virtual reality devices such as "Motion Capture (MOCAP)". This 

device is well known in the film industry, where there is the opportunity for the 

revival of the virtual character, by capturing the actual movements of the actor-based 

sensors on the body. The most affordable alternative to expensive equipment 

«Motion Capture (MOCAP)», cost from $2000 is motion capture device «Microsoft 

Kinect developed for console games. The integration of this device with a solution 

from Siemens PLM software Tecnomatix Process Simulate gives reliable, and 

affordable way to increase the efficiency of human activities (fig. 7, table 1) [4]. 

Although at the moment the technology MSKinect has a number of drawbacks, 

among which the incorrect recognition poses body at its intersection with obstacles, 

sensitivity to light, which limits the possibility of its application, however, this 

technology is being improved by the developers, as it has significant potential [4]. 

Thus, the growing requirements to the quality and competitiveness of 

production, the growing globalization of the economy, forcing the producers to find 
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reserves of the productivity and safety of work that emphasizes the importance of 

considering ergonomic factors in designing technological processes and jobs. 

 

 
 

Fig.7. Simulation of motion of a person using technology MSKinect 

 

Table 1.  

Comparison of simulation 

Type of 

stimulation 

Time 

(sec) 

Cost 

Manual simulation 100 
Cost of Tecnomatix Process 

Simulate Software 

Simulation with MS 

Kinect 
2 

Cost of Tecnomatix Process 

Simulate Software + Cost of MS 

Kinect (10 500 рублей) 
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Abstract. Article is devoted to practical model designing for selecting DFIP 

subassembly technological process optimum parameters at KAMAZ Engine Works. It 

is shown that application of imitating models allows optimizing technological 

process, thereby to raise its efficiency, to lower loading on the assembly site 

personnel, and also working capacity loss risk because of traumas and 

musculoskeletal disorder. 

Keywords: automobile industry manufacture, imitating modeling, technological 

process. 

According to one of numerous definitions, transport is a branch which creates 

useful space, being one of sectors of economy, critical from the point of social needs 

satisfaction and maintenance of steady functioning and development of economic 

complex as a whole. It is not mere chance that automobile industry takes a special 

place in economy of developed countries since creating hi-tech production other 

branches mostly define development. The automobile vehicles solve a problem of 

people’s mobility, carry out delivery of cargoes «from door to door», besides, the 

wide scale of equipment on automobile chassis is presented practically in all 

branches. But, at the same time, the automobilization, which has reached critical size 

level both in the world and in Russia, creates variety of problems which make 
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manufacturer find new decisions, constantly improving both design and production 

technologies, as it is possible to sustain a considerable market competition only by 

continuous development and application of innovative decisions. 

As car manufacture differs by complexity and labor content, it is necessary to 

investigate technological processes and to improve them to lower physical activity on 

the assembler, traumatism level on manufacture and industrial diseases risks. 

Imitating modeling is a tool which allows to execute not only the qualitative 

analysis of processes, but also to investigate consequences of those or other changes 

in them, and also to choose a variant satisfying all set restrictions, receiving 

parameters of system which will be optimum under the set conditions. The software 

developed for these purposes, allows building models, displaying processes how they 

actually passed, and then to spend a number of virtual experiments, setting modeling 

time. It can be both individual test, and some of their specified set, allowing picking 

up optimum parameters of processes, thus results will be defined by their casual 

character.  

KAMAZ Engine Works assembly site productions research objective where 

power units manufacture for trucks is carried out, consisted in perfection of 

subassembly technological process: installation of diesel fuel injection pump (DFIP). 

As assembly process is the final stage of end product manufacture – an 

automobile or its unit, and substantially defines its operational qualities, special 

importance and responsibility of the given stage is obvious. The method of imitating 

modeling in this case is optimum because it allows to consider a set of parameters 

and to receive necessary result without resorting to natural experiment.  

At the process designing initial stage the performance of following works is 

necessary: preparation of the data (identification, the specification and information 

collecting); definition of virtual experiment carrying out conditions with imitating 

model. After users activity modeling is done, the analysis of imitating experiment 

results for preparation of conclusions and recommendations on a problem solution is 

carried out. Then, if necessary, process optimization on imitating model is made, 

after it recommendations are developed which are received on the basis of imitation. 
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Also documentation on model characteristics and features of its use is made. 

The software applied to modeling of considered DFIP subassembly 

technological process and the block diagram of dataflow (input and output data), 

including types of documents and used program modules is presented on fig. 1.  

For three-dimensional modeling of the design documentation, equipment, tools, 

accessories and other three-dimensional objects of interactive assembly conveyor lay-

out, which are used in real manufacture, it can be used in system of automated 

designing Unigraphics NX – a flagman CAD/CAM/CAE-system from Siemens PLM 

Software which represents the environment of modeling and other operations with the 

three-dimensional objects used in imitating model. Advantages of the chosen system 

are that version NX 6 (2008) has synchronous technology of modeling which allows 

applying two basic approaches to modeling: parametrical designing and direct 

editing. Due to synchronous technology possibilities of Design Freedom function are 

widened. The methods of objects selection realized in a system automatically 

distinguish logic and inter element interrelations even on the models imported from 

other CAD systems that promote multiple use of the design data.  

TECHNICAL PROCESS 
TEMPLATE (STRUCTURE)

OUTPUT 
DOCUMENTS

DESIGN 
DOCUMENTATION 

THE 3D 
(CAD-SYSTEMS: 

UGS NX)

3D MODEL AND PARAMETERS 
OF THE USED 

EQUIPMENT 
(DOCUMENTS OF THE 

SUPPLIER)

NORMS OF TIME
(CARDS OF 

TECHNOLOGICAL 
PROCESSES

EXCEL)

PLANNING OF  
ORGANIZATIONAL 

STRUCTURE

TEAMCENTER
(DATABASE)

TOOLS 
AND 

EQUIPMENT

TECNOMATIX 
JACK

(SIMULATION 
MODEL)

Fig. 1. The scheme of program modules interaction 

Teamcenter, together with Tecnomatix software package, representing a set of 

decisions for digital manufacture, allows using the data on technological preparation 

of manufacture for the analysis, modeling and production processes imitation. 

Service-focused architecture of Teamcenter system provides integration of the data 
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from CAM, ERP and MES systems in PLM environment applied at the enterprise.  

Tecnomatix Jack digital manikins modeling system represents the set of 

decisions intended for modeling and an estimation of conformity to requirements of 

product design ergonomics, technological processes and operations of maintenance 

service by imitation of a person activity on manufacture by means of digital 

manikins. The imitating model in the Tecnomatix Jack environment was created 

taking into account the requirements regulated in the documentation, such as: DFIP 

subassembly flow sheets, installation package, working instructions, manufacturer 

requirements, working zone lay-out and the characteristic of the tool.  

Earlier objects designed in Unigraphics NX 3D environment are included into 

the structure of the given model, (a Fig. 2), including the equipment, the tools used on 

the given assembly site, all details, DFIP components, and the digital manikin, which 

simulates assembly operators. The sequence of operations, and also the movings 

which are carried out by assembly process performance is set for an assembly 

manikin in three-dimensional Tecnomatix Jack environment. 

 
a) 

 
b) 

Fig. 2. 3D model designing 

in the Unigraphics NX 

environment  

Fig. 3. Ergonomic fitting-out  

(a) – designed, (b)- loaded) 

 

Besides, for loading definition on the assembler, the weight of all active objects 

has been developed which it uses in assembly process. The ergonomic fitting-out for 

loading decrease on the assembler was carried out (fig. 3). 

After change of imitating experiment parameters, modification of operations and 

URL: http://www.sworld.com.ua/e-journal/j11411.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application.                                                                       VolJ11411 

movings of a manikin assembler taking into account use of the created fitting-out, the 

ergonomic analysis has been carried out, possibility of which is provided by 

Tecnomatix Jack environment. After it time spent on assembly and DFIP 

transportation was fixed. 

Lassitude capacity analysis and working capacity restoration parameters in 

technological operation process of DFIP fixing on a special plate has shown that at 

the 20 second step assembly period, the operator has no time for restoration (fig. 4а.) 

while introduction of ergonomic fitting-out allows to restore working capacity due to 

considerable reduction of operation time (fig. 4b).  

Besides, OWAS Posture Evaluation analysis has been carried out. That means 

body position estimation on a received trauma risk degree which has shown that all 

indicators, after fitting-out introduction are in an admissible range (fig. 5). 

 

 

 

Fig. 4. DFIP fixing operation on a special plate (a) – before, (b) - after 

fitting-out introductio 

 

Fig. 5. Half-coupling installation operation analysis on body position and 

risk degree 

Thus, it was established that as a result of technological operation development 

by ergonomic fitting-out introduction, the general DFIP subassembly time is reduced 
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to 15 %, lassitude degree and trauma risk will decrease that has been confirmed by 

results of experimental researches with application of imitating model.  
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Article is devoted to the analysis of car intellectual onboard systems use 

opportunities for increase of its non-failure operation. It is shown that means of 

intellectualization can be used for realization of "feedback" not only between the car 

and the driver, but also between the car and the service center, and in critical 

situations to be means of the notification of road and emergency services. 
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operation of the car. 

Now in Russia, as well as in the world, actual there are questions of 

development and realization of intellectual transport systems. Despite relevance, 

numerous development in this direction, the subject doesn't lose the relevance for 

decades, as this process rather difficult. 

Considerable successes both in development of automobile branch, and in the 

field of transport infrastructure improvement, and, in particular, dynamic 

development in the field of IT, open new opportunities for transformation of the 

motor transport from a source of the increased danger in means of a comfortable 

solution of population mobility problem.System approach and coordination of all 

interested parties efforts is necessary for the solution of problems. 

Intellectual transport systems are recognized in world practice as all-transport 

ideology of telematics achievements integration in all types of transport activity for 

the solution of economic and social character problems. Almost 20 years' experience 

of purposeful development of ITS in the USA, Japan, in the European union, China 

and other countries where serious successes are already achieved testifies to it, there 

were rather effective forms of stimulation and management of this process. 

Introduction of ITS has strategic character, defines as a whole competitiveness of the 

country in the world market. The transport policy of the developed countries of the 

world is based on development and advance of ITS-technologies, common 

information space creation in future multimodal networks. 

In world practice Intellectual transport systems are considered as service system 

of service to users - drivers, pedestrians and cyclists, passengers of public transport, 

carriers, transport operators, services of transport infrastructure operation, emergency 

services. At the same time, in society there is no uniform understanding of this term, 

it leads to that at regional levels commercial projects of the ITS local components 

ideologically and technologically not interconnected are realized. Lack of system 

approach to implementation of the ITS national projects blocks development of their 
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market, stopping it at the level of rendering commercial services with use of the ITS 

local components. 

For coordination of actions on introduction of ITS and development of policy in 

global research ITS in 2008 for the purpose of awareness increase and informing of 

politicians and the high-ranking politicians on technical and political aspects of ITS 

advance the International road federation committee on policy of ITS was 

founded.The committee studies advantages of the international cooperation and 

promotes removal of ITS problems for the general public, helping to develop 

effective strategy and, finally, successfully to introduce Intellectual transport 

systems.Directions of work of Committee:practical realization of ITS and 

corresponding political tasks;ITS financing;researches in the field of ITS, and also 

educational and social problems;standard and legal base for ITS;development of ITS 

of strategy and comparative analysis. 

Mission of ITS International road committee on policy Representation and 

Committee is increase of ITS role awareness and understanding level, support of the 

bodies making decisions in advance of ITS as the effective instrument of transport 

policy in the field of safety objectives achievement, stability and efficiency, an 

exchange of experience between experts in the field of ITS from all over the world. 

ITS development methodologically is based on system approach, forming ITS as 

systems, instead of separate modules (services).The uniform open architecture of 

system, protocols of information exchange, form of transportation documents, 

standardization of communication used technical means parameters, control and 

management, management procedures, etc. is formed. 

National concepts of ITS development, national architecture of ITS and the 

development program form an organizational and methodical basis of ITS 

development, however, in most cases ITS is considered as service system, with all 

that it implies. So, for example, considering the conceptual scheme of ITS creation, 

by the general purpose determine the organization of transport all means interaction 

system form, the most effective use of a transport resource at the expense of joint 

transport operations with the most rational versions of structural and line schemes of 
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movement of passengers and freght traffics, providing quality of transport services. 

Such approach is directed not on elimination of the above described problems 

reasons, and on elimination of current situation consequences that in itself it is 

incorrect. 

So far a situation in Russia such is that ripened creation of intellectual transport 

system of the new generation corresponding to the scenario of innovative 

development which vector is set by Transport strategy of the Russian Federation for 

the period till 2030 [1]. Considering high rates of innovative technologies 

introduction and a pressing need for the country in more effective use of a transport 

resource at simultaneous decrease in negative consequences of automobilization and 

reduction of the human losses, an obvious way of all interested parties in 

development and ITS advanceactions development is coordination. 

If to analyze documents and development in the field of ITS, it is possible to 

find differences in understanding of the term. As a rule, one group of authors 

considers ITS as a way of administrative measures for traffic streamlining 

intellectualization. And in most cases measures are directed not on realization of 

"feedback" principle, and on the notification of movement participants, at the best -

control of violations and reaction in the form of fiscal character taking measures. The 

second group of authors considers ITS as the way "intellectualizations" of the car. 

Though, there is also other term -IOS (intellectual onboard systems). 

In world practice five main groups of ITS users are defined: drivers, pedestrians 

and cyclists, passengers of public transport, carriers, transport operators and services 

of transport infrastructure operation. Apparently from the specified list, neither about 

the car, nor about infrastructure (road) there is at all no speech while these two 

components just and create problems. 

In the itself car as the car - the driver - environment - service" in a context of its 

interaction with various subsystems which realize actions for its safe operation makes 

sense to consider technical system as making systems" (fig.1).In this sense purpose of 

IOS has to be reduced not only to informing of the driver, but also notify other 
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subsystems which are responsible for its safety, in case of unforeseen situations 

which can lead to problems for other participants of movement. 

 
Fig. 1. The decisions, allowing to increase safety of the car 

Complication of the car design, intellectualization is more increasing than it, 

simplifying operation process, creates problems with service maintenance. To the 

service centers it is necessary not only to improve constantly processes, to train the 

personnel, to buy the new equipment, but also for new models to study statistical data 

on premature refusals to predict probability and time of their approach.Integration of 

ITS and the car IOS is necessary for the solution of these problems. 

Tendencies of IOS improvement modern cars are characterized by emergence of 

nonconventional systems for the car of automatic control, such, as the electronic 

control system of the engine (ECSE), systems of malfunctions collecting and 

processing and some others. All of them are intended for increase of the consumer 

safety and convenience of driving. 

Aiming to create a "perfect car" manufacturers do not think about the fact that 

the complexity of the design and improvement of technical characteristics greatly 

increases the likelihood of problems during its operation and service. IOS which has 

to provide feedback realization between the driver, service station and plant the 

manufacturer can reduce risk of emergence of emergencies (fig. 3).  
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Fig. 3. The scheme of information streams organization with use of 

intellectual onboard systems 
Thus the following problems have to be solved: the notification of the nearest 

stations of service or services of emergency reaction about malfunction and the 

related road accident [2]; accumulation of statistical data on the most frequent 

reasons of premature refusals emergence in certain service conditions - that will help 

to plan activity of the service centers; accumulation of analytical data from the 

dealers allowing the producer purposefully to improve a design of the car, increasing 

its reliability and safety. 

One more advantage of IOS is possibility of information updating in the so-

called electronic passport of the car. Each model of the car depending on the 

appointment, the installed engine, suspension bracket type, etc. can have some 

modifications and the executions differing both by constructive signs, and separate 

properties and characteristics. Information on these characteristics can be very useful 

to the consumer, but because of large volume it isn't reflected in the standard forms of 

accompanying documentation factory and transferred to the consumer. So, for 

example, to the car owner such parameters, as an operating time of the engine to 

installation on the car, an operating time and operating modes of the car at its stage 

are usually unknown to the consumer etc. [3, 4]. From the operation manual the car 

owner can gather only the most general characteristics and some average or nominal 

indicators received under certain conditions of tests, stipulated by standards (wind 
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speed no more ..., humidity ..., the speed of movement of 60 km/h, etc.) at statement 

of basic model on production. 

For example, fuel consumption, operating modes and an operating time of the 

car and its knots (number of gear shiftings, braking, etc.) the car owner can guess real 

characteristics of the car only. As a result, the owner of the car can't precisely define 

a technical condition of the vehicle, is optimum plan operational expenses and 

expenses on carrying out maintenance, to predict a residual resource and profitability 

of its further operation in specific conditions [5]. 

Forthe solution of these tasks to manufacturer it is necessary to get the electronic 

passport of system which besides registration information, stores on each unit of let-

out equipment and updates in real time the main data on parameters of the car 

operation, an operating time of its knots - in the form of average values and 

accumulative counters (fig 3). 

IOS allows to transfer to base of the electronic passport of the car, and also to 

the service center, the following information: average daily run; conditions and 

operation modes; indicators of elements (sensors) of IOS established on the main 

units of the car (control of theengine, transmission, brake system and electronics). 

 
Fig. 4. Cars electronic passports base form 
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The massif of transmitted data allows with use of the algorithms put in the 

electronic passport to develop the following recommendations: maintenance modes; 

procedure of definition of a residual resource of a detail, knot or unit; terms and 

maintenance and maintenance regulations; the recommendations about change of 

modes of operation under changing external conditions. 
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Galiakbarov R.N., Mosolova T.G., Khaertdinov A.I.  

MODELLING OF THE CITY STREET ROAD NETWORK SITE FOR 

THE PURPOSE OF ITS PARAMETERS OPTIMIZATION  
 

This article presents the research of a section of the city road network and the method 

of improving its parameters. This method is based on a selection of the optimal parameters 

of the road section with using the imitation modeling. There was proposed to add a number 

of phases of the traffic signalization to the already existing parameters of the city road 

network.  
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network, imitation modeling, phases of the traffic signalization. 

It’s not a secret that Russia hasn’t already reached the level of motorization of 

the USA and European countries. 1000 citizens of the USA and Europe have twice 

more cars than the same number of Russians. But despite of this fact, Russia has the 

same problems which are caused by the growth of motorization like more developed 

countries. These problems are: 

 The growth of the number of traffic accidents with lethal outcome.  

 The growth of traffic density that causes traffic jams.  

 The negative influence on the environment. 

It is necessary to identify the causes of the existing problems to solve them and 

then to take appropriate measures. Imitation modeling is used to identify the causes 

of the problems of the city highways. In particular, this method gives positive results 

in the case of the need for changes in the configuration of the road network of the city 

[1].  

Naberezhnye Chelny is the second largest and the most populous city of the 

Republic of Tatarstan, a big industrial center and the most important transport nodal 

point of the Republic. As a result, the tasks of analysis and prediction of passenger 

and traffic flows on the city road network appear. These are: 

 The assessment of planning decisions based on the transport parameters: the 

utilized capacity of road sectors and traffic nodes, communication speed, 

availability , the number of traffic accidents. 

 The detection of road sectors and traffic nodes which need replanning 

(geometric parameters modifying, correction of traffic lights modes). 

 Finding the required traffic capacity of reconstructed and built anew road 

sectors and traffic network nodes.  

The modern instrument which allows to analyze complex organizational and 

technical system should be used to solve above mentioned problems. Nowadays such 

kind of instrument is the imitation modeling. [2]. 
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Using of simulation model helps to compare a number of optional versions and 

choose the best variant for specified conditions and also gives an opportunity to 

reccomend how to develop the city road network. 

Using of this method allows: 

 to increase the efficiency of functioning of city transport complex; 

 to increase the efficiency of budgetary spending by bringing changes in city 

road network configuration; 

 to increase the level of drivers and pedestrians safety on city roads; 

 to provide the growth of city economy’s investment attractiveness by 

optimization of passenger traffic infrastructure; 

 to optimize the work of public transportation; 

 to increase the carrying capacity of streets and highways of the city; 

 to decrease the traffic density by reducing the probability of traffic jams 

appearance; 

 to improve the ecological situation nearby the city highways [3, 4].  

The one of the “problem” city sectors of Naberezhnye Chelny is 

Naberezhnochelninskiy prospect and the Nizametdinova street crossroad. The city 

administration gave the information about traffic flows on this sector. It was 

discovered that there is a high concentration of traffic accidents on the sector by 

using the data given by the State Inspection for Road Traffic Safety. The simulation 

model of the sector was built for more detailed analysis (picture 1).  

There were taken into consideration such factors as: 

 the geometry of the sector; 

  the intensity of  the traffic; 

 the intensity of  pedestrians appearing on the sector with their allocation on 

the traffic lanes; 

 the modes of traffic lights on previous and following sectors;  

 the number of phases of traffic signalization;  

The experimental results of the model showed that the traffic on this sector is 

characterized by the following negative factors: 

URL: http://www.sworld.com.ua/e-journal/j11411.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 

http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%b2%d0%be%d0%b7%d0%bc%d0%be%d0%b6%d0%bd%d1%8b%d0%b5%20%d0%b2%d0%b0%d1%80%d0%b8%d0%b0%d0%bd%d1%82%d1%8b&translation=optional%20version&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d0%be%d0%b2%d1%8b%d1%88%d0%b0%d1%82%d1%8c&translation=increase&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d0%be%d0%b2%d1%8b%d1%88%d0%b0%d1%82%d1%8c&translation=increase&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d0%be%d0%b2%d1%8b%d1%88%d0%b0%d1%82%d1%8c&translation=increase&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d0%b0%d1%81%d1%81%d0%b0%d0%b6%d0%b8%d1%80%d1%81%d0%ba%d0%b8%d0%b5%20%d0%bf%d0%b5%d1%80%d0%b5%d0%b2%d0%be%d0%b7%d0%ba%d0%b8&translation=passenger%20traffic&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%be%d0%b1%d1%89%d0%b5%d1%81%d1%82%d0%b2%d0%b5%d0%bd%d0%bd%d1%8b%d0%b9%20%d1%82%d1%80%d0%b0%d0%bd%d1%81%d0%bf%d0%be%d1%80%d1%82&translation=public%20transportation&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d1%80%d0%be%d0%bf%d1%83%d1%81%d0%ba%d0%bd%d0%b0%d1%8f%20%d1%81%d0%bf%d0%be%d1%81%d0%be%d0%b1%d0%bd%d0%be%d1%81%d1%82%d1%8c&translation=carrying%20capacity&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%b2%d0%b5%d1%80%d0%be%d1%8f%d1%82%d0%bd%d0%be%d1%81%d1%82%d1%8c&translation=probability&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%b4%d0%b5%d1%82%d0%b0%d0%bb%d1%8c%d0%bd%d1%8b%d0%b9&translation=detailed&srcLang=ru&destLang=en


Modern scientificresearchand their practical application.                                                                       VolJ11411 

 the high traffic density; 

 the geometry of the sector does not satisfy traffic flow; 

 there are lots of elements of transport infrastructure (bus stops, U-turns). 

 
Picture 1 – The view of the simulation model of the sector of the city road 

network before making changes  

The scheme of crossroad with using an alternative number of traffic 

signalization, i.e. main and intermediate traffic signalization times was offered to 

reduce an influence of the negative factors on traffic parameters. Accordingly, it is 

suggested to change distances between traffic signalization times for changing the 

number of phases.  

Also it was proved that two unregulated U-turns located on 

Naberezhnochelninskiy Avenue have an influence on the traffic density. The closest 

to crossroad U-turn was removed in the model because it has the smallest cattying 

capacity. Using suggested changes in the simulation model of the sector (picture 2) 

with making the following experiment showed that such variant will let us to 

decrease the probability of appearing of traffic accidents and also to stabilize the 

transport and pedestrian flow parameters. An object “traffic lights” was used in the 

model to reduce the traffic density and provide pedestrians safety.  
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Picture 2  - The view of simulation model of the sector after making changes  

The most appropriate traffic signalization infrastructure providing pedestrians 

safety during crossing the avenue and free traffic movement on this sector was 

defined in this model by the search method based on metaheuristics. An usual traffic 

lights with two modes where the interval between two signals was 148 seconds was 

replaced for an adaptive traffic lights with automatic modes correction and group of 

traffic lights coordination time which depends on situation on the sector.  

Some adjustable crossroads located in immediate vicinity of the sector under 

review and having “influence” on each other by the transport flow were chosen for 

setting an adaptive traffic lights mode. An information about characteristics of the 

transport flow on each of the sectors – its intensity and speed – had been collecting 

during the model work. A  permanent analysis of transport flow characteristics 

coming in real-time operation mode as a feedback from following sectors of road 

network allow to correct the required duration of allowing traffic signal for every 

traffic lights objects and coordinate their work. There are changes of the modes of  

traffic lights with adaptive control which depend on traffic density in the table 1. 

Table 1 – Changes of the modes of  traffic lights on the sector depending on 

the traffic density  
Traffic 

density on 

the sector 

Total time 

phase, sec. 

Red signal 

(basic 

time), sec. 

Green 

signal 

(basic 

time), sec. 

Red with 

yellow 

signal, sec. 

Yellow 

signal, sec. 

Green with 

yellow 

signal, sec. 
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95% 112 40 64 2 4 2 

82% 112 42 62 2 4 2 

74% 86 43 35 2 4 2 

61% 86 48 30 2 4 2 

 

Thus, the adaptive control allows to unload all directions on the road network 

sectors evenly letting pass only those number of transport facilities which the 

following sector will let pass. A common scheme of the feedback in the system of 

traffic signalization is shown on the picture 3.  
 

 

Picture 3  - The scheme of data flow in adaptive traffic lights control system  
 

A variation of traffic lights parameters is available in this model in the following 

directions: 

• every interval between two traffic light signals; 

• the number of phases; 

• the number of control cycles; 

• the presence of an additional traffic section; 

• the number of modes; 

• time scales of the modes; 

• the presence of a night mode; 

• the presence of an automatic mode; 

• taking into account monitoring data (the presence of wireless communication 

with the control center). 
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Research results are presented in the table 2. 

Table 2  

Estimated parameters of the city road network sector  

Name of the parameter 
Value before 

modification 

Value after 

modification 

Average speed on the sector km/h 12 27 

Number of stops per time unit , items. 4 1 

Traffic density, % relative to road 92 67 

Average time of passing the sector, min. 4 1,4 

 

Table 2 shows  a significant improvement of sector parameters  of the city road 

network.  

The proposed solution to the problem of improving the parameters of the sector 

of the city road network realizes an improved method for coordinated traffic 

management on large and the most “problem” sectors. The solution is based on using 

of simulation to take into account many factors of transport network, including 

stochastic factors. The analysis of the sector using the simulation model provided to 

make a number of recommendations to change its parameters.  
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The present article dwells on necessity to implement controlling at port facilities 

as the most progressive management concept and instrument enabling optimization 

of pricing control.  

Keywords: controlling, pricing  formation, free rates, seaports.  

The Law on Seaports in Ukraine has been adopted and has come into force, 

which is a positive factor for development of the port industry in Ukraine aiming at 

increasing the competitiveness level of Ukrainian ports at the international market 

and improving investment attractiveness of the Ukrainian economy on the whole and 

of the port sector in particular. At the same time implementation of the port reform 

gave rise to numerous challenges, including those predetermined by imperfection of 

the national laws and necessity to change management instruments in port industry.     

One of the key roles among various kinds of business management leverage 

belongs to prices and price formation.    

According to the Law of Ukraine «On Prices and Price Formation» economic 

agents shall make use of the following [1]:  

- free prices;  

- government-controlled prices. 

Before the Law of Ukraine «On Seaports in Ukraine» came into force, the 

government exercised price control in the port industry for the following services:  

- port dues (ship dues, channel dues, light dues, berthing, anchorage, 

administration and sanitary service), to be paid by ship-owners [3]; 

- work package tariffs on processing of foreign trade and transit cargoes at sea 

and river ports (at berth): lump sum rates on cargo handling operations, payment rates 
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for use of berths for transshipment of cargos carried out by customers and at their 

expense; ice dues collected from cargo owners, etc. [5];  

- dues and charges for services provided to foreign-going vessels at seaports 

(berths) of Ukraine (pilotage, tariff for vessel traffic management service, mooring 

tariff, tariff for tug-boat service, tariff for use of floating facilities, payment for 

agency services, supervisory reward), collected from ship-owners. 

Other services not listed in the regulations [3;5], as well as cargo storage service 

have been offered at free rates .  

Article 21 of the Law of Ukraine “On Seaports in Ukraine” stipulates the 

following [2]: 

1) Tariffs for specialized services offered at seaport by natural monopolies and 

services, payment for which is included in imposed port dues, shall be subject to 

government control exercised by the national committee for government transport 

control. The Cabinet of Ministers of Ukraine shall determine the list of such 

specialized services; 

2) Tariffs for services, other than the above, shall be free and shall be stipulated 

in an agreement between the economic agent offering respective services and the 

customer. 

Stevedore services have not been included in such a list, and according to the 

Law of Ukraine «On Seaports in Ukraine» prices for such services shall not be 

subject to government control and may be formed on a free basis.  

The Resolution of the Cabinet of Ministers of Ukraine (CMU) № 1544 of 

12.10.2000 was repealed by the CMU Resolution № 407 [4] of 03.06.2013. The 

Order No. 316 of the Ministry of Infrastructure of Ukraine (MIU) of 27.05.2013 does 

not contain any significant changes in comparison with the previously valid CMU 

Resolution № 1544. Collection procedure and rates of port dues have remained the 

same. 

However, it is worth dwelling on the situation with tariffs on cargo handling 

operations, ice dues, and other dues and charges collected from ship-owners.  
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In accordance with the Article 21 of the Law of Ukraine «On Seaports in 

Ukraine», Orders of the Ministry of Transport of Ukraine (MTU) under № 392 of 

31.10.1995 and № 214 of 27.06.1996 have become void for all seaports, other than 

fishing ports, whereas the MTU Order № 392 of 31.10.1995 is still valid for river 

ports.  

However, no regulations repealing the above orders at seaports have been 

published. To date, there are projects for repealing the MTU Orders No. 392 and No. 

214 for seaports [8; 9] published at the web-site of the Ministry of Infrastructure of 

Ukraine. Thus, there is duality in regulations stipulating rating of port services.  

On the one hand, rates for a number of services not subject to government 

control according to the Law of Ukraine «On Seaports in Ukraine» may be 

determined by business entities independently, and on the other hand, all businesses 

should conform to the rules stipulated in the Tariff Book approved by the MTU Order 

No. 392 of 31.10.1995, since it is a valid regulation.   

In this connection, a number of stevedore companies apply work package tariffs 

on processing of foreign trade and transit cargoes at sea and river ports (at berth) 

following the Tariff Book approved by the MTU Order № 392.  

However, one should not forget that management of any stevedore company is 

entitled to impose free rates on cargo handling operations, which can possibly create 

a situation, when different charges will be imposed on transshipment of cargos of the 

same description at neighboring berths of the same port depending on the operating 

agent. So, it is difficult to define feasibility and efficiency of such a reform, 

especially in the view of social consequences. Thus, there is a conflict of laws 

relating to imposition of rates at Ukrainian ports, which requires standardization of 

the national laws.  

In the second half of 2013 experts from the State Enterprise «Administration of 

Ukrainian Seaports» (SE AUS) commenced work on development of pricing 

techniques for the port industry. So the rate calculation technique for icebreaking is 

being developed. The new schedule of ice dues will be different from the previous 

one. In the previous years ice dues were collected from cargo owners, rates 
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depending on cargo traffic during compulsory ice campaign or actual ice campaign 

(announced by the harbour master). And according to the new technique, ice dues 

will be collected from ship owners depending on vessel unit (the way it is done with 

port dues).  

Special attention should be given to charges for mooring easement. According to 

the Law on Ports there are basic organizational and legal forms and mechanisms for 

businesses in port industry. The Law stipulates a list of agreements, which can be a 

ground for business activities connected with use of port infrastructure and 

implementation of investment projects. Such a list includes both previously used 

mechanisms (lease, joint activity) and a concept of concession, totally new for the 

port sector, as well as other types of agreements drawn up on the ground of special 

procedures defined by the laws of Ukraine [2]. 

After the Law on Ports has come into force, easement agreement was defined as 

a basic mechanism for attraction of investors, due to time-consuming and complex 

nature of drawing up lease and concession agreements.    

On June 12, 2013, SE AUS approved an order under № 6 «On Mooring 

Easement Rating (mooring infrastructure) for berths on books of the SE AUS». 

Special tariffs are applied to use of berths for transshipment of fluid cargo. Easement 

payment schedule approved by the order of the SE AUS does not allow for volumes 

of actual transshipment, seasonality, or any other factors having an impact on the 

scope of cargo traffic.      

Current management conditions at Ukrainian seaports call forth numerous 

problems and issues caused by both external and internal factors. Complexity of the 

situation lies in fundamental reorganization of the port sector. Basic reorganization 

element shall be termination of all existing state-owned seaports and creation on their 

basis a two-level state-owned port infrastructure with distribution of managerial 

functions and provision of port services (stevedore functions). 

SE AUS, consisting of the central administration in Kiev, operation office in 

Odessa, 18 branches at seaport administrations, Delta-Lotsman (pilot) affiliate and 

Search and Rescue at Sea affiliate, shall be vested with managerial functions.   

URL: http://www.sworld.com.ua/e-journal/j11411.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application.                                                                       VolJ11411 

 In the course of businesses’ adjustment to new management conditions, the 

significance of pricing policy shall increase, and objective necessity to make 

adequate managerial decisions on price application comes forward, which can be 

done only if there are available operating data on internal capacity of the business 

entity and external situation on the market at the time of decision-making. Based on 

foreign experience, it is safe to say that price formation control can be optimized 

through implementation of controlling system at the business entity.   

Controlling is generally defined as a system of business management aimed at 

accomplishment of operative and strategic goals and achievement of specified results, 

and consisting of informational support, planning, control and analysis.   

The main purpose of controlling is focusing management process on business 

goal achievement. Tasks of controlling are as follows: planning, record keeping, 

control and regulation. To fulfill specific tasks, controlling ensures performance of 

the following functions:   

- definition of business goals in qualitative and quantitative terms, choice of 

criteria for evaluation of achievements (definition of goals); 

- determining strengths and weaknesses, opportunities and threats (SWOT-

analysis) of a business entity, developing business strategy, business plan as a 

quantitative expression of business goals with indication of ways to achieve them 

(planning); 

- providing for operation record-keeping of financial and economic activity of a 

business entity (operation records management); 

- dataflow integration for minimizing degree of uncertainty (dataflow 

integration); 

- tracking processes taking place in a business entity in real time through 

drawing up operation reports on business results for maximum short periods, 

comparison of obtained results with the planned ones (monitoring); 

- evaluation of business performance in comparison with planned performance, 

analysis of opportunities for achieving planned objectives (plans, results and 

deviations analysis); 
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- recording and evaluation of facts occurring in the business entity (control). 

Business entities in Ukraine enjoy support of certain controlling functions, 

however there is no interconnection, and hence there is no controlling system per se.    

Adequately developed controlling system would address the following issues in 

the business entity [6]: 

- sorting dataflow, enabling timely receipt of data concerning additional profits 

and eventual losses while providing specific services; 

- minimizing risks of making non-optimal managerial decisions on the whole 

and regarding price formation in particular; 

- ensuring feasibility of strategic plans, increasing efficiency thereof, optimizing 

pricing policy; 

- exposing economic reserves and releasing additional resources; 

While implementing controlling mechanism and performing controlling 

functions, one might expect optimization in the following:  

- improvement of payment discipline, and, as a result, increase in turnover of 

funds, decrease in the scope of credit resources, savings on costs, profit from 

investment of released financial resources; 

- creation of reserve funds, prevention of speculative damages and inefficient 

use of funds; 

- prevention of penalties, decrease in operation expenses, audit expenses, and 

probability of negative consequences; 

- increase in labour capacity and release of economic resources. 

Implementation of controlling system in the port industry as a totality of modern 

management techniques and instruments required for anticipation of future threats 

and achievement of predictable prospects based on the system of adjustment to 

constantly changing conditions, shall facilitate improvement in efficiency of both 

price formation and the overall process of economic activity management.  
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Abstract. One of the vehicle competitiveness factors is the amount of energy 

consumption for the passengers’ carriage.  Large part of energy is spent on 

overcoming the running resistance, including aerodynamic one. Frontal and tail 

section shape, tunnel-train system’s properties and flow turbulence generated by the 

in-front moving transport play a significant role. Researching the influence of these 

factors on the vehicle dynamics could be done by designing and creating wind 
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tunnels: for ground and underground transport.  

Key words: running resistance, wind tunnel, turbulence, energy efficiency, 

reducing the vehicles energy consumption. 

Recently, different types of rolling stock with electric drivers such as trams, 

subway trains, trolley buses and electro buses turn up around the word. While tracing, 

the biggest part of input energy is spent on overcoming the running resistance, which 

also includes aerodynamic one. A vehicles’ body shape as well as turbulence flow 

generated by in-front moving transport play a significant role. Therefore, 

aerodynamic resistance reduction of the vehicle and the system of interconnected 

transport facilities in general is a very important issue. 

One of the transport operating features is its efficiency, which is determined by 

the following factors:  

− the state and the construction of vehicle;   

− plan of the path and track profile;  

− speed of movement; 

−  driver qualifications;  

−  speed and direction of  wind, etc.  

One of the cost-effectiveness features is the vehicle power consumption. As an 

example, (fig. 1) the diagram shows the energy consumption of the various types of 

transport. 

 

Fig. 1. Structure of various types of transport consumption 

 51% - rail transport, 32% - pipeline transport, 6% - land, water and air 

transport, 5% - tram and trolleybus, 4% - underground transport, 3% - 

communications. 
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Despite of the relatively small part in total energy consumption by trams, 

trolleybuses and underground, they carry out a significant part of passenger traffic, so 

the proportion of electricity consumption increases substantially. 

Chart of the average electricity consumption (fig. 2) shows that more than 60% 

of vehicle energy is spent on overcoming the movement resistance. Running 

resistance force is the equivalent force of all the movement resistance forces (friction, 

drag, etc.), converted to the wheel rim. It is generally known that movement 

resistance is caused by the presence of friction at the nodes, track and vehicle parts 

deformations, the air resistance, the friction between wheels and rails, and the gravity 

force components operating during the climbing [1]. The reduction of movement 

resistance allows to cut energy consumption for trains’ traction significantly, as well 

as to increase the speed without augmentation the traction-engine power. Based on 

the experience of the various types of transport, was revealed that to reduce 

aerodynamic resistance of moving body reshape the body to minimize air turbulence 

in the flow need to be done. 

 
Fig. 2. The vehicle energy consumption 

65%  - overcoming movement resistance; 24 – discharge of losses; 11% 

- auxiliaries.  

 

While vehicle is moving there is a compressed air zone in the frontal part of the 

body, which form ram pressure. There are air swirls between protruding parts of two 

vehicles body. Side and roof of vehicle are in contact with the surrounding air. It 

causes air flows formation due to the friction of air and vehicle sides. The interaction 

of air and the vehicle was modeled by the example of tram (fig. 3). 
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Fig. 3. Visualization of airflow turbulence 

 

The portion of air is carried along by train under the vehicle, created turbulence 

and flow, which touch the top structure of the track. There is the area of low air 

pressure back from the vehicle. There are external forces acting against the train 

movement, which is called the air resistance forces. They depend on the 

configuration and size of the cross-sectional area, length, class and relative position 

of the different types of vehicles, forms of locomotive frontal and tail parts, back wall 

of projecting parts and speed of movement. Running resistance force is proportional 

to the square of speed.  

The speed relation of the vehicle specific main resistance  is [1]: 
2

0 .w a bv cv= + +  
    (1) 

a, b, c - the coefficients that depend on the vehicle design features. 

The third term is nothing but a drag movement, calculated as: 
2

возд возд ,W S v= α ⋅ ⋅   (2) 

где αвозд – vehicle streamlining index, 

S – car body cross-section area,  

Curves of air resistance of energized vehicle (w0) and not energized (w0׳)-fig. 4, 

defined as the ratio of the resistance forces to the vehicle weight. for tramcar, show 

that with the increasing of speed resistance multiplied in proportion to its original 

value, which have the stationary one. 
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Fig.4. Curves of specific running resistance. 

Nowadays vehicles’ shapes have changed significantly, so there is a necessity 

for carrying out extra researches in this scientific area. Furthermore, the relation of 

coach quantity in vehicle to its aerodynamic resistance cx is very interesting 

dependence to investigate. 

Fig.5. The relation of coach quantity in vehicle to its aerodynamic 

resistance. 

Fig.6. The relation of the vehicle’s configuration to its aerodynamic 

resistance. 

In addition, there are no researches concerning the hinged vehicle (Fig.5, 6), as 

well as vehicle in real tracking conditions while there are other transport facilities at 

the road (Fig.7). This is the reason for using the most suitable vehicle shape from the 

position of energy efficiency (this type of vehicle shape has the minimal aerodynamic 

resistance) for the first step of vehicle designing.  

Fig.7. Simulation of the tram’s moving in real tracking conditions. 

There are various methods of aerodynamic resistance defining. They could be 

divided in two groups: 

− A research method, while medium is stationary, but the body is moving; 

− A research method, while the body is stationary, but medium is moving. 
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It should be noted that during researches reciprocity principle of airflow was 

proved. According to reciprocity principle of airflow force interaction is equal both 

while body or medium is moving. This principle allows to experiment with stationary 

models and moving gas flow. The main condition is to keep the dynamic similarity of 

model and original object [2]. 

Equipment system was designed and made for carrying out the experimental 

investigation of vehicle aerodynamic properties. By means of this system the relation 

of running resistance to vehicle speed and the relation of running resistance to other 

transport facilities road location could be defined. The insufficiently known one- and 

two-lane tunnels influence on trains’ running resistance could be also investigated by 

designed equipment system.  

Aerodynamic equipment systems include blown on stationary vehicle model, are 

used for defining aerodynamic resistance in static state. According to the theory and 

practice exploitation of this type of experimental researches allows obtaining equal to 

real conditions results [2].  

Designed system with open type wind tunnel (Fig.8) consists of: 

− power section; 

− working section; 

− honeycomb; 

− control and measurement equipment; 

− vehicle models. 

Power section includes ventilator impulse wheel with diameter 600mm working 

in delivery mode which is energized by electrical driver with power equal to 3kW, 

frequency converter SEW MoviTrac® which allows adjusting airflow speed 

smoothly and stabilizing it in necessary level. 

Fig.8. General view of equipment system for aerodynamic researches 

of vehicles 

The construction of working section is introduced by curved arch tunnel 700mm 

height (arch radius is 300mm) and flat for vehicle models. The length of working 

section is 1480mm. Airflow speed could be smoothly adjusted from 0 to 15 m/sec.  
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Sensors of static and dynamic pressure are used as control and measurement 

equipment [3]. The pressure measurements are made by micromanometer and 

measurement results are registered during experiment.  

To reconstruct real airflow process in wind tunnel some conditions should be 

performed: 

− airflow speed should be stable, and its adjusting in given interval should 

be done smoothly; 

− the length of wind tunnel must be sufficient for flowing around the whole 

vehicle. 

Laws of aerodynamic similarity which allow comparing model aerodynamic 

properties and real vehicle aerodynamic properties are the basis of experimental 

researches. Main values for designed equipment system are Reynolds number and 

Euler number [5]. As observable models are in self-similarity zone of properties (Fig. 

9) (Re=106 per m2) so aerodynamic coefficients’ values which were turn out from 

experiment are real. 

Fig.9. The relation of shape coefficient to Reynolds number 

Equipment system for vehicle aerodynamic researches has flat with located on it 

different types of transport facilities (passenger cars and trucks) make it possible to 

simulate tram’s real road tracking conditions if there are passing and oncoming 

transport. 

Thus there is an opportunity to compare aerodynamic coefficients for ideal 

conditions (blow on with laminar stream) and in conditions of city traffic (if there are 

passing and oncoming transport), and its adjusting. 

Results turn out from experiments allow to define optimal vehicle body shape 

for different types of passengers transport according to energy efficiency criteria and 

obtain accurate aerodynamic coefficients which could be different when there are 

different situations on the road. These vehicle aerodynamic resistance researches 

supplement similar ones, which were carried out earlier only in conditions of laminar 

streams. 
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Introduction. 

In the Russian Federation noise emissions of air pollutants from stationary 

sources and vehicles remains high, particularly acute problem in big cities. In 

communities with high and very high levels of air pollution resides 56 percent of the 

urban population. Analysis of ways to the development of urban transport 

infrastructure identifies as a promising direction of the aerial construction of elevated 

monorail transport systems. In addition to technical and economic advantages, 

monorail systems are positioned as an environmentally friendly mode of  transport. 

At the same time, when considering environmental risk factors identified negative 

noise, chemical and electromagnetic effects monorail transport on the environment. 

One major factor is the adverse impact of transport noise generated by it. 

Vehicle noise has a negative impact on the population living near the highway, high-

speed railway trestle and transport. Regulation of the level of traffic noise and its 

control - a complex engineering and social problem. Necessary to significantly 

reduce the acoustic power to a level that is perceived by the population as valid. 

Using a monorail transport system (MTS ) reduces pollution acoustic (noise) 

pollution due to exclusion of the contact pair " wheel-rail "; excludes pollution fuel 

combustion products. At the same time the current collection devices are MTS 

mobile source of negative acoustic effects - increased levels of high-frequency noise 

that occurs in the process of interaction with the susceptor busbar. 

Materials research.  

Methods of determining the noise characteristics of high-speed pantographs 

monorail transport developed in Omsk State Transport University (OSTU), based on 
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the use of universal disc stand [1 , 2]. On the basis of experimental data obtained in 

the laboratory OSTU and regulations [4 , 5], the method of calculation of the acoustic 

field conditions current collector (susceptor)  for real overpass. The calculation was 

carried out under the following conditions: current collector  mounted in the bottom 

of the car, located on the overpass. Sources of noise are the surface of the contact 

portions of the susceptor, the monorail and the adjacent acoustically active zone. As 

the assumptions made, that the sound source is a point , a dipole . Body carriage 

covering the side and bottom of the susceptor, is adopted as a thin semi-infinite 

screen. The influence of other current collectors car is not considered. To reduce the 

negative impacts of acoustic devices of current collection are encouraged to use the 

shield, embedded in the susceptor design [3]. Structurally, the screen is in the form of 

copper mesh tray with rubber coated viscous grease type CIATIM -20 . Tray and 

outer flap play the role of  L-shaped screen. The undulating surface of the rubber 

coating effective than smooth dampens acoustic wave (Fig. 1), so as a reflection 

sound occurs at different angles and a part of the reflected sound wave reaches the 

adjacent rib. Furthermore, penetration of the acoustic waves on the same surface are 

absorbed and reduced direct and reflected sound waves radiated by the susceptor. 

Viscous lubricant applied to the rubber coating, further captures coarse and fine 

particles of wear contact elements arising during the current collection. 

Sound propagation through the flat screen reduction of sound pressure level in 

octave bands is calculated using [4] depending on the Fresnel number N, which is 

determined by the difference between the lengths of the sound beam paths - through 

the screen and skirting the upper edge of the screen. For a thin screen , the thickness 

of which is much smaller than the wavelength of sound diffraction occurs practically 

only once on its horizontal edge. To account for additional noise reduction 

(absorption ) , created a wavy ribbed screen , we introduce the equivalent circuit of 

the surface in the form of rectangular isosceles triangles with the angle between the 

edges b, equal to 900 (Fig. 2).  
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a

b b

Fig. 1. Reduced acoustic noise soundproofing undulations:  

1 - the incident sound wave;  2 - repaid longitudinal ribs;  

3 - reflected wave;  4 - wave absorption. 

 

 
 
 

Fig. 2. Equivalent circuit of the undulating surface of the screen 

 

At equal  length ℓ, m, smooth and ribbed screens their effective sound 

absorption area Si, m2, will be equal to : for smooth screen and S1 = ℓ; ribbed screen 

for S2 = 2  b ℓ = ℓ / cos 450 ≈ 1,414 and ℓ. Absorption  area  ratio S2 / S1 will be 

1,414. Then, according to [4], an additional reduction of sound pressure level by 

increasing the area of sound absorption undulating surface shielding  1.50 dB ( for 

each the frequency octave interval) .  

Decrease in current sound levels, dB, for the frequency octave interval after 

applying smooth and ribbed screens shown in table 1. Analysis of the results of 

calculations reduce the levels of noise generated by the current collection devices 

monorail transport showed that the effectiveness of the screen increases with the 

frequency of  the sound absorption area and ribbed surface. 
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Table 1 

Reduction of sound pressure level generated by the current collection 

devices 

Sound frequency, 

Hz 63 125 250 500 1000 2000 4000 8000 

Reduction in 

sound with a 

smooth screen, 

dB 

5,48 6,08 7,09 8,59 10,59 12,99 15,66 18,49 

Reduction in 

sound with  a 

ribbed screen,  

dB 

6,98 7,58 8,59 10,09 12,09 14,49 17,16 19,99 

Conclusions.  

The results can be used to assess the risk of contamination of the acoustic 

environment. Assessment of risk to human health - a quantitative and / or qualitative 

characteristic adverse effects or developing the ability to develop as a result of 

existing or future environmental exposure to a specific group of people with specific , 

regional characteristics defined exposure conditions. Current methodologies for 

environmental risk assessment , designed to assess the impacts of multifactorial and 

complex flow of chemicals, characterized by maximum consideration of a variety of 

sources, routes and pathways to human exposure, the effect of a variety of criteria. 

The risk assessment used for comparative risk profile, identifying priority 

regional issues related to the quality of the environment, rationale and decision-

making to minimize them. The authors proposed a useful model Current collector 

(susceptor) vehicle with improved environmental performance, while minimizing 

noise pollution of residential areas and the removal of wear of contact elements in the 

environment.  

Screening  in conjunction with sound-absorbing ribbed trim casing inner surface 

trolley monorail transport is an effective measure to reduce negative impacts on the 
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acoustic environment and the population.  

For a comprehensive evaluation of  the effectiveness of screening is necessary to 

consider that the most irritating to the human ear has a high-frequency noise (1000 

Hz and above). 
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consumers of non-renewable natural resources. Alternative energy sources help solve 

the problem of sustainable human development through the use of renewable 

resources and reduce pollution of atmospheric air, water and soil. For general 

environmental assessment should be taken into account the environmental impact of 

power plants work by using renewable energy at all stages of production, usage and 

recycling. The paper discusses the power plants using ( use) wind and solar energy 

and mini hydropower plants. It is established that all renewable energy installations 

have an environmental impacts. Mini hydropower plants are the most 

environmentally friendly, solar installations have a high level of pollution. 

Introduction 

There is two possible ways for solving problem of the continuous growth of 

energy consumption considering that in the nearest future the humanity will feel the 

limitations of fossil fuels: energy saving or renewable energy development. The 

technical potential of renewable energy is about 4.6 billion t.o.e. / year, which is 5 

times more than the consumption of fuel and energy resources in Russia [1,2]. 

In this paper we consider the environmental impact of wind and solar power 

plants, mini-hydro power plants (mini-HPP) and mini-CHP plants running on 

biofuels. 

Pollution of the atmosphere 

  The main sources of atmospheric air pollution are the RES, which have the 

process of combustion of fossil fuels. Wind, solar and mini-hydro plants do not 

pollute the atmosphere. 

Quantitative calculation of emissions of pollutants into the atmosphere is made 

in accordance with the UND (union normative document) - 86 Universal software 

"Prism". Calculations of air pollution level correspond to the climate zone of Nizhny 

Novgorod. Maximum permissible concentrations adopted in accordance with  HN 

(Hygienic norms)- 2.1.6.1338-03 "Maximum permissible concentration (MPC) of 

pollutants in atmospheric air of residential areas" 

There is the calculation of heat and electricity supply for breeding complex for 

700 cows. 8,9 thousand tons of manure form in the breeding complex for the year. 
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Daily quantity of one animal's manure is selected in accordance with (Union norms of 

technological design) UNTD 17-81. 

Gas-piston units at Caterpillar power of 100 kW were considered as a source of 

energy running on biogas. Initial data for calculation were taken from the passport 

data, which indicate levels of toxicity of exhaust emissions (nitrogen oxides, carbon 

monoxide and hydrocarbons) in the nominal mode. 

The table1 presents results of calculation of   gross emissions ( tons / year) and 

specific emissions (g/s)  of polluting substances, which are formed during the 

combustion of fossil fuels and the maximum ground concentrations of hazardous 

substances of Gas-piston units Caterpillar on biofuels with the chimney height 15 m 

and a diameter of 0.25 m  

 Table1  

Gross emissions (tons / year) and specific emissions (g/s), the maximum 

ground concentrations of hazardous substances of Gas-piston units Caterpillar 

on biofuels 

Haza

rdous 

substance 

Gross 

emissions 

(tons/year) 

Specific 

emissions 

Maximum ground 

concentrations of 

hazardous substances 

СО 2,502 0,079 0,0048 

NO2 8,523 0,270 0,9625 

NO 1,385 0,044 0,0332 

СН 1,430 0,045 0,0114 

Studies show that the maximum ground concentrations of hazardous substances 

of Gas-piston units Caterpillar on biofuels do not exceed MPC. 

Pollution of the hydrosphere 

The main sources of pollution of the hydrosphere are mini-HPP. Wind and solar 

energy, bioenergy, mini-CHP has not an impact on hydrosphere. 

Exposure level on the environment depends on the mini-hydropower plant 

construction, which are divided into the following types:  

• dam, partition off the entire river, with small reservoirs, 
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• dam, partition off part of the river,  

• with the pipeline pressure derivation,  

• submersible without dam.  

The greatest impact occurs during the operation of mini-hydroelectric dam, 

partition off the entire river, the least - submersible mini-HPP. 

The operation of mini-HPP, include following potential impacts: increase in 

turbidity, noise and vibration caused by the use of equipment, the physical change of 

the river bottom, the physical elimination of the river bottom habitats, change in river 

flows, disruption of the existing fishing patterns, visual disturbance. 

Soil pollution 

The main sources of pollution of soil are wind and solar and bioenergy 

installations, mini- CHP. Mini-HPP has not an impact on soil pollution. 

Soil pollutants do not appear during operation of RES plants. However, 

withdrawal of lands from the environment is necessary for the construction of the 

station. These lands were occupied by natural ecological systems that include certain 

species of animals and plants. Therefore, construction of the station can change the 

habitat and influence on the ecological system. The area of the station will depend on 

the type of RES plant. Average unit square stations: wind - 200 m2/kW, solar - 10 

m2/kW, bio - 200 m2/kW. 

Greenhouse gases 

The main sources of greenhouse gas emissions are the RES, which have the 

process of combustion of fossil fuels. Wind, solar and mini- HPP do not have the 

greenhouse effect. 

There is the calculation of heat and electricity supply for breeding complex for 

700 cows. 8,9 thousand tons of manure form in the breeding complex for the year. 

Assessment of the greenhouse effect of bioenergy objects were made for two 

cases: 

1. The livestock complex, in which there are different systems for collection, 

storage and use of manure of animals; 
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2.  The livestock complex, in which is installed power plant to produce biogas 

and CHP to obtain electricity and heat from biogas. 

For the first option calculated the following greenhouse gases: 

- Methane (CH4) produced from manure as a waste product of agricultural 

animals and birds, depending on the methods of collection, storage and usage; 

- Nitrous oxide (N2O) produced from manure as a waste product of farm 

animals, depending on the methods of collection, storage and usage. 

For the second option calculated the following greenhouse gases: 

- CO2, N2O, CH4, which are formed during the combustion of biofuels; 

- CO2 are emitted without transformation  

It is established that the emission of greenhouse gases resulting from the 

combustion of biogas on the mini-CHP almost 8 times lower than in conventional 

waste system of livestock . 

Acoustic pollution 

The main sources of noise pollution are wind, mini-hydro, mini biofuel CHP. 

Solar installations are not sources of noise. 

Acoustic impact of wind turbines. Wind power plants produce two kinds of 

noise: mechanical noise (noise from the mechanical and electrical components); 

aerodynamic noise (noise from the interaction of the wind flow with blades 

installation). Components that produce the highest level of noise are the generator, 

drive of rotation, which unfolds the top part of wind turbine in the direction of the 

wind, transmission and blades [3]. 

Acoustic calculation was performed according to the level of noise generated by 

wind farms. Noise calculation is performed in accordance with (Building norms and 

rules )SNIP 23/03/2003 "Protection against noise" and [4,5]. Permissible noise levels 

determined in accordance with SN 2.2.4/2.1.8.562-96 "Noise in the workplace, in 

residential and public buildings and residential areas." 

Calculation of noise generated by the wind farm, consisting of 3 wind turbines 

having unit capacity of 20 kW. Wind turbines are located at a distance of 70 M. The 
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calculation results have shown that the noise level is reduced to the permissible value 

for the territories of the residential building at a distance of 85 m. 

Acoustic impact of mini biofuel CHP. There is the following sources of noise: 

knots and units of the engine and the gas-dynamic processes in systems and fuel 

equipment [6]. 

Assessment of acoustic impact of mini biofuel CHP were made by calculation 

level of sound depends on the distance from the noise source. 

Amount of noise produced by a gas piston power was taken from an electronic 

catalog. [7] The calculation is obtained that the noise generated by CHP is the 

permissible value at a distance of 10 meters 

Impact on flora and fauna 

Mini-HPP. The operation of mini-HPP, include following potential impacts: 

increase in turbidity, noise and vibration caused by the use of equipment, the physical 

change of the river bottom, the physical elimination of the river bottom habitats, 

change in river flows, disruption of the existing fishing patterns, visual disturbance. 

Any noise generated in the water disturbs fish, because the fish are able to hear 

at a distance. The communication and orientation of most aquatic life could be spoilt 

by underwater noise [8]. Studies have shown that first fish frightened of noise, but 

later fish get used to monotonous sound and do not pay attention to this. 

Fossil fuel combustion.  Negative impact of air pollution from fossil fuels are 

the deterioration of human and animal health, reducing crop yields and livestock 

productivity. Atmospheric pollution influence on a corrosion process of building 

structures, accelerating depreciation of buildings and equipment. 

Wind power. Wind power can have a negative impact on birds, disrupting 

nesting and feeding, as well as bringing the death or injury caused by the rotating 

blades of wind turbines. As a rul , birds notice appeared  wind construction, learn to 

avoid them (especially the rotating blades ) and continue to feed and breed at usual 

place .  
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The wind turbines are placed on the migration routes large number of birds or 

the most attractive places for feeding or breeding are the most dangerous. These 

problems can be avoided by careful selection of mills locations. 

Waste 

Coming out of operation RES Power Plants will be a source of contamination of 

the soil. The hazard of exposure depends on the used materials. For wind, mini-hydro 

and bio-digesters main material is  steel. The blades of wind turbines are made of 

polystyrene, solar cells contain silicon, batteries - lead and sulfuric acid. The lead is 

the most dangerous. Therefore, the power plant RES disposal after the 

decommissioning. Selection recycling process depends on the material used. 

Conclusion 

        Studies were shown that: 

1 - All renewable energy installations during  the production process impact on the 

environment; 

2 - Mini-HPP has the minimum level of pollution; 

3 - Solar power installations the maximum level of pollution. 
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Introduction 

Improvement and development of construction machinery has always been 

aimed at the intensification of its business processes.  

Need for technological improvement construction industry requires the 

development of new methods of production and the creation of jobs for their 

implementation efficient machines with new kinds of working bodies that implement 

new principles of interaction with the contacted environment. 

One and effective ways to improve the development and mechanization of 

excavation used in various construction techniques, is the creation of machines to 

realize the principle of the closed power flow when the main load in the closed 

system " soil - working body - work equipment - ground ." Implementation of this 

principle working body interaction with the ground is possible due to the use of screw 
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working bodies composed of working equipment earth moving machinery, including 

drilling equipment. 

There has also been a trend of development of the cyclic, wave, power 

interaction machines on the sealing material that permits us to fundamentally new 

technologies and soil compaction grouting mixtures, as well as to the use of fine-

grained and hard super stiff tsementopeschanyh mixtures in the manufacture of 

various concrete products and structures, including bored piles. 

Summarizing the results of analytical and experimental studies 

sferodvizhuschihsya working bodies and screw machines, the priority in which the 

employees belong to the Department " Building and road machines " Saratov State 

Technical University named after Yuri Gagarin [1,2,5,17] were established effective 

means of mechanization for the production of excavation, including the cramped 

conditions of construction, manufacturing and grouting of bored piles and 

construction products, cement-concrete mixtures . 

The authors hope that the materials presented in the book will cause scientific 

and practical interest among professionals and organizations in creating new and 

innovative types of construction machinery. 

Chapter.1. Status and trends of earth moving machinery in the special conditions 

of construction 

1.1. Problems and directions of development of mechanization of excavation 

in cramped conditions 

Despite having a huge variety of vehicles, machinery and techniques and 

improved technologies, the issue of mechanization winter excavation still remains not 

fully resolved. In the first place, the question remains of mechanization of labor-

intensive work performed in cramped conditions. A significant proportion of 

excavation made near existing buildings, existing enterprises, power lines and other 

nearby objects. Proximity to the site of works on existing facilities and structures, as 

well as limitations related to the small size of the construction site, constrain the use 

of a variety of modes of production work. Big problem is earthworks on soils high 

strength, primarily on frozen ground. The specificity of the physical and mechanical 
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properties of frozen soils, their high strength commensurate with the strength of the 

working bodies of cars and high abrasiveness difficult to use known techniques and 

existing equipment for earthworks. Production of such works requires the use of 

machines of increased power and correspondingly increased energy costs. 

Existing fleet of earthmoving machinery mainly contains a powerful, large 

vehicles, which can not be used in confined construction. Engineering industry, in 

connection with large-scale construction volumes in previous years has been focused 

on the issue of earthmoving machinery increased power. Creating a high-power 

machines and provided for work related to the development of frozen soils, 

construction of pile foundations . Technological principle of the work of many types 

of machinery and equipment that is based on the implementation of destination 

significant effort to ensure workflows. Therefore, capacity growth earthmoving 

equipment was one of the priorities in the development of these machines. 

An alternative option to improve production efficiency is the use of new 

methods to influence the working bodies on the ground developed. In this connection, 

the attention of many scientists is aimed at research and development theories, 

facilitating the creation of new types of machines and operating new technological 

principles of their impact on the ground, making it possible to most effectively 

implement workflows. 

In the search for new and effective solutions included the use of new physical 

methods of soils. Most attention has been paid to issues of intensification of soils 

using high energy vibrations of sound and ultrasonic range, etc. 

Despite considerable theoretical and experimental research in the efficacy of 

earth, to reduce power and energy costs, many problems still need to be further its 

decision. Of particular relevance are the problem of mechanization and improvement 

of the technology of excavation conducted in the cramped conditions of the building. 

Solving these problems should be directed to the creation of new structures of work 

equipment and working bodies implementing new processes of interaction of 

working with the soil, which will expand the range of use fleet, and primarily small 

and medium machines capacities. 
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This work is devoted to solving the problems of improving the means of 

mechanization and technologies for the development of frozen soils based on the 

principle of circuit power flow in the system " working body - ground environment" 

through the use of screw working bodies. The implementation of this principle 

enhances the effectiveness of the interaction of the working body with the ground and 

allows the use of machines of medium and small power for frozen soils and strong in 

cramped conditions. 

1.2. Status and trends of development of machines and equipment for frozen 

soils in confined areas 

A significant amount of construction works occupy earthworks associated with 

direct contact (cutting, digging, hoeing, indentation) working bodies with dirt 

environment. Most hurting these works, made in the winter and the associated heavy 

and time-consuming process of developing strong and frozen soils. 

Frozen soils are multi-component system, which is determined by the properties 

of feature complexity quaternary structure consisting of mineral particles of ice, 

unfrozen water, gas. 

The biggest influence on the properties of frozen ground mineral particles 

having stsementirovannost ice cementation degree depends on the ratio of the amount 

of ice, mineral particles and the ambient temperature. These properties affect the high 

mechanical strength and improved abrazivnostgruntov which hundreds times the 

strength properties of melt soils. 

The main physical and mechanical properties of frozen soils are mechanical 

strength, characterized by an external static or dynamic soil resistance and the ratio of 

the constituent phases of the soil. Another important property of frozen soils is highly 

abrasive, characterized by the ability to wear by friction working bodies building and 

road machines [1, 2, 5]. 

Existing methods and techniques for the development of frozen soils. 

Depending on various conditions and the excavation works carried out during 

the winter soil development can be carried out by the following methods [1, 2 , 5] : 

- Protection of soil from freezing; 
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- Thermal method; 

- Mechanical way. 

Protection of soil from freezing is achieved by warming the surface various 

insulating materials (sawdust, grass, foam, etc.), or pre- plowing the soil. 

Advantages of this method is the low power consumption and simple process 

performance. The disadvantage is that the use of this method is possible only for 

small amounts of previously known work. 

Thermal method is to thaw frozen ground with steam, fire, electricity, etc. This 

method includes the following methods: fire thawing, thawing and needles of water 

steam, defrost elektroiglami etc. 

Advantages of this method is the application for small-scale operations and the 

availability of energy resources. Inability to use other methods of developing frozen 

soils associated with complex conditions of construction works. 

The disadvantage is that the process is characterized by more energy, the 

complexity of installation, after thawing further complicated work earthmover from 

humidity. 

Mechanical way of development of frozen soils may be due to static and 

dynamic actions of the working body. Summary mechanical fracture, irrespective of 

the method is that the soil working tool is introduced (the wedge tool, the screw vane) 

and its impact force created by the movement, which occurs when the destruction of 

the array. 

In machines static effect of cutting type force effect working body on the ground 

provided a working body movement, exercised through the transmission from the 

engine. 

The feasibility of using those or other machinery and equipment is determined 

by the terms of technology and production work. 

To develop large areas of the most efficient machines are mounted rippers static 

effect on powerful tractors. To develop long-haul trenches used bucket wheel 

excavator. Cutting slits in the frozen soil to prepare it to conventional excavation 
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diggers useful when relatively small amounts of work. To serve this diskofrezernye 

and Trencher [ 2, 3, 4, 5 ] . 

In machines dynamic action force action in implementing the working body 

(wedge) in soil is carried out: 

- Force of the impact of moving masses, with preliminary energy storage 

(machines with knock- working body); 

- Pulsating force sample catcher (machine vibration and percussion action). 

Of all the ways of development of frozen soil above the greatest application in 

practice has a mechanical way. Mechanically frozen ground excavation made up 85 

% of the total winter earthworks. Advantages of this method is the minimum power 

consumption and complexity, the ability of mobile to start construction work. The 

main drawback of the static effect machines - significant wear of the cutting elements 

of working bodies. The disadvantage of most of the existing machines percussion is 

the harmful effect of shock loads on the steel structure, which further leads to failure. 

High mechanical strength of frozen soils, hundreds of times their strength not in 

the frozen state, not directly develop frozen soils conventional diggers, which defines 

the complexity and the high energy intensity of their development [2, 3, 4, 5]. 

Despite the considerable diversity of scientific papers, methods and means of 

mechanization, which directly solve the problem of the development of frozen soils, 

insufficient resolving the remaining issues of mechanization of small volumes of 

work at low temperatures in the cramped conditions of civil engineering, as due to the 

lack of small universal machines and hand power tool to 30% of excavation 

performed manually [1, 2, 5, 8]. 

There are not a large number of hand-held machines that fit the cramped 

conditions of the work undertaken and used for frozen soils, these include hand-held 

jackhammers, but they have significant drawbacks, such as perception, operator 

shock - vibration loads that lead to occupational diseases and high sound level. 

Therefore, improving and creating designs of these machines is the actual problem of 

the modern construction industry. 
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Many makers of earthmoving machines carry out their work in the search for 

effective methods of influence on the working of the soil developed. Improve 

production efficiency of excavation can be by improving existing and developing 

fundamentally new methods of developing strong and frozen soils, construction on 

this basis and universal high working bodies. 

The level of mechanization in the construction of earthworks in the winter time 

can be significantly increased by the use of devices for frozen soil, whose operation is 

based on the use of closed - circuit flow, excluding the transmission of dynamic loads 

on the ground and producing its destruction major cleavage . 

One promising equipments committing mechanical destruction of frozen soils is 

vintoklinovoe device with closed power flow operating in a hinged working 

equipment excavator - base, and as a manual mechanical machine. Development of 

frozen soil is carried out from an array of soil separation to prepare open wall face. In 

the presence of cleavage face of frozen soil is due to the action of the riving force 

resulting surface when introducing wedge body working toward slaughter. 

Meanwhile, the base car is not experiencing stress, as the system "frozen ground - 

screw the working body - wedge working body " closes the flow of power . 

Currently, the industry road construction machinery high demands for quality 

products, strict conditions dictated by the market economy. At the present stage of 

development of the park road construction equipment in the area of excavation, 

namely heavy and time-consuming process of developing frozen soils, solved the task 

of creating a better product quality level at a lower cost, fully satisfying the needs of 

the economy [6, 7, 8]. 

So at the moment the creation and improvement of special machines that 

conform to the cramped conditions of the work undertaken at low temperatures, is 

paramount. 

Basis for solving this problem is to study the interaction of new jobs building 

and road cars with dirt environment, the study of the physical process of destruction 

of permafrost, soil development of calculation methods and the creation of special 
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equipment for the development of strong and frozen soils in difficult construction 

conditions for mass production. 

To create an effective means of mechanization regarding ways to develop frozen 

soils need to carry out research aimed at studying the physical process of the 

destruction of frozen soils in collaboration with various bodies working for the most 

efficient destruction, and research aimed at creating an effective working body 

geometry and new ways to force action on the ground. 

Effectiveness of mechanization, whose work is connected with the development 

of frozen soils depends on the properties of the interaction of working with the 

contact medium. 

The main issue of the interaction of working with bodies frozen soil is affected 

by the shape of the body on the effectiveness of the introduced its destruction [5, 6, 7, 

8]. 

An essential contribution to addressing this issue have made theoretical and 

experimental work of such scholars as A. D. Dahlin, A. N. Zelenin, J. Rathje, J. A. 

Vetrov, M. H. Pigulevskaya, D. I. Fedorov and other researchers noted that the 

experimental profiles formed the so-called core compacted soil, and further direct the 

destruction and digging is done to them, not the part on which it is formed [3, 4]. 

In experiments A.N. Zelenin on clay and sandy excrescence on the knife cut 

occurs in all cases where the symmetric sharpening angle exceeded 60°. When 

sharpening angle of 50° and 45°, the buildup is not observed. Outgrowth also occurs 

when one-sided grinding, at an angle to the cutting path of at least 30°. In cross 

section it has a parabolic shape with a height exceeding the width of approximately 

1.5 times. 

A. D. Dahlin found in dry soil build-up occurs when the wedge angle sharpening 

too, about 60°. In loam and sandy loam normal moisture build-up was observed in the 

full form of the indentation of a wedge with an angle of 80° -100°. 

J. Rathje came to the conclusion that in the sand build-up on the knife cut occurs 

when sharpening the edge of his form with the trajectory of the cutting angle is 

greater than 45°; outlines the build-up in cross section rounded . 
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From experiments Y. A. Vetrova on weak clayey sandstone, siltstone rolling in, 

and heavy loam signs build-up occurred at an angle symmetric sharpening knives 

forward at least 60°. 

M. H. Pigulevsky in experiments on the stamp is in the sand with colored layers 

received outgrowth wedge-shaped with a rounded top, as in horizontal and conical 

surfaces experienced ground mass. Measurement of the average angle between the 

side surfaces of the build-up gave a value of about 80°. 

Based on the analysis of these studies can be considered that the experimental 

dies pointed to some critical angle formed outgrowth compactor having symmetric 

curved shape. Formation of soil cores, directly affects the interaction of the working 

body with the ground, providing more resistance when submerged. That inherently 

affects the power consumption of the work performed. 

A similar pattern was observed in the studies carried out by us. The study 

examined the interaction picture with the ground dies having different tip shape [6, 7, 

8]. 

Considered the following form introduced stamps tips:  

- A flat base  

- With a base in the form of a hemisphere  

- Cone with an apex angle of 45 °  

- Cone with an apex angle of 30 °  

- With a tip curved shape formed by a circular arc: R125mm; R150mm; 

R200mm; R300mm; R500mm. 

The experimental results showed that: when immersed die with a flat base and a 

stamp with a base in the form of a hemisphere, there was a pronounced nucleation 

seal on the tip of the die which upon further immersion acquired a curved shape. 

Another character observed during the introduction of stamps with an apex 

angle of 30° and 45°, and the dies, the surface of which is formed by a circular arc of 

radius different. When diving into the ground in these cases was not observed 

formation of the core of the tip seal, primer like " wraps around " to form a working 

body. 
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In the experiment recorded zadavlivanie force to pull-out test and dies. Analysis 

of the results showed that the curved shape of the tip of the working body directly 

affects the process of introducing into the ground. At the same time stamp formed in 

a circular arc, depending on the radius forming 72% of cases the force on 

zadavlivaniya less than the stamp with an apex angle of 30°. Also, for example, when 

comparing the stamp surface is formed by a radius of 200mm with a stamp with an 

apex angle of  30° in an effort to stamp zadavlivanie 200 mm radius with 33% less. 

From these results we can conclude that the most efficient geometric shape of 

the tip of the stamp is a curvilinear shape, which is similar to the triangle.  

The results suggest the need for further theoretical and experimental studies on 

the basis of mathematical experiment planning and physical modeling techniques. 

1.3. Equipment for the construction of pile foundation in dense urban areas. 

Every year increasing amount of work on the construction of buildings and 

structures located as close to downtown areas in dense urban areas. 

To date, construction of civil and industrial buildings unimaginable without 

construction of pile foundation. Widespread pile foundations have received due to the 

large number of technologies for their facilities [10]. The most common techniques 

are: shock, vibration and vibro - impact methods of piling, construction piles directly 

in the soil [11] (bored piles) and a static method of piling (pile crushing). 

Application of impact or shock - vibration mode piling in dense urban areas is 

highly undesirable and dangerous. This is due to the presence of dynamic effects 

transmitted through the ground, on the foundations of nearby buildings, which 

negatively affects the foundations of these buildings and can lead to cracks and even 

partial collapse [12]. 

In dense urban areas most appropriate to apply methods of construction piles 

without dynamic effects on the ground. These methods include the method of 

construction of piles directly into the ground - the bored piles, and the method of 

static piling - industrially manufactured piles, submerged into the ground under static 

load . 
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Method of construction of bored piles is quite expensive and often the cost of 

such a foundation can be 15 % of the estimated cost of the building [13].  

This is due to a large number of technological operations involving drilling, 

pumping wells concrete reinforcing carcass immersion, complexity arises from the 

quality control of concrete and providing oversight pile shaft . 

The static piling implies zadavlivanie piles into the ground under the influence 

of a uniform load. The advantage of this method is the lack of dynamic loads on the 

ground, the impact of which is transferred to the foundation, lack of noise, the 

minimum number of process steps and the use of factory sertsitifitsirovannyh piles. 

Equipment for static piling is a guide to the mast which moves the movable traverse 

under the influence of which the driving progress. 

The main disadvantages of this equipment include low productivity, short 

lifespan svaevdavlivayuschego equipment, low mobility and maneuverability, large 

dimensions. These shortcomings stem from the fact that to compensate for the 

reactive force resulting in the zadavlivaniya piles on svaezvdavlivayuschih 

installations placed cantledge whose mass can reach hundreds of tons [14, 15]. 

To date, there are different ways to compensate the reactive force resulting in 

the pile penetration, the main ones are: the gravitational and anchor. 

The gravity method involves an increase in weight of the basic machine by 

placing her cant ledge, as is done in almost all known constructions. 

Anchor method involves the use of various anchoring devices such as vacuum, 

wedge anchor with riving elements pressiometricheskogo type anchors and screw 

anchors. 

Anchoring devices of the vacuum chamber are a type in which, under the action 

of the vacuum pump creates a negative pressure occurs to a dirt suction installation 

surface. The disadvantages of this method of compensation of reactive force is the 

need for a perfectly flat construction site. This deficiency has a significant impact on 

the increase in the cost of works due to the costs of preparatory work. 

Application with wedge anchors - Trapped elements, with pull-down elements 

imply the presence of the leader of the well, which requires additional drilling costs 
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of the well and additional mechanization equipment to bring the anchor into position. 

These factors influence the increase in the cost of works, technology complexity and 

performance degradation. 

Anchor devices pressiometricheskogo type are hollow rod placed within which 

the hydraulic hoses are connected to the working chamber. When folded, the 

anchoring device is placed in the leader well, then there is supply of hydraulic oil 

from the hydraulic system of the basic machine in the working chamber, resulting in 

a working chamber expands and provides anchorage in the ground anchor device 

[16]. A disadvantage of this equipment is the necessity of drilling wells of the leader, 

which in turn affects the cost increase and an increase in the work process steps. And 

another significant disadvantage is the increase in hydraulic basic machine, which 

greatly increases the cost of the equipment. Significant disadvantages are causing 

serious damage to the environment in case of leakage of the working chamber. 

Screw anchors are widely used in industrial and civil construction. By screw 

anchors provided to mount a ground different types of buildings, such as oil and gas 

pipelines, power lines towers, delays brownies pipe mast cellular and more. The 

design of the screw anchor is a helical blade, starting at a conical or cylindrical part 

of the stem of the anchor. This design greatly simplifies the technology of their 

production, but for such a dive anchor requires considerable largest torque and axial 

force. Of particular interest is a screw anchor made in the form of traction working 

body in such constructions as merzlotoryhlitel [5]. 

This design, due to the special geometric shape of the blade, it allows virtually 

no dive axial force that can greatly simplify the design of equipment for its dive. 

Application of screw anchors to compensate for the reactive force resulting in 

the static pile penetration, is the most appropriate. Equipping screw anchorage own 

hydraulic drive and placing the equipment on the host machine or working in 

conjunction with, the equipment can be carried out anywhere in the anchorage -based 

machines, with no need for drilling wells and the leader has the ability to easily be 

assembled and disassembled, which can significantly increase productivity 

svaevdavlivayuschego equipment. 

URL: http://www.sworld.com.ua/e-journal/j11411.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application.                                                                       VolJ11411 

Use screw anchors for fixing of construction machinery to the ground, allows 

you to create a closed circuit flow soil - pile - work equipment - ground. It is possible 

to virtually eliminate the transmission of reactive force on the machine base, which in 

turn may reduce overall dimensions and to increase the lifespan. 

The main parameter that characterizes the work of the screw anchor is its 

carrying capacity, namely the possibility of providing an external retention pulls the 

load applied to the trunk of the anchor. In turn, the bearing capacity of the anchor is 

directly dependent on the bearing capacity of soil, the magnitude of its resistance to 

various types of loads. 

In existing studies determining the carrying capacity of screw anchors into 

account such factors as the depth of burial , overall dimensions of the helical blade, 

while the influence of geometrical parameters are not taken into account, which in 

turn creates a reserve for increasing the efficiency of screw anchors to compensate for 

reaction forces arising during zadavlivaniya piles. 

From the foregoing it can be concluded that the use of svaevdavlivayuschego 

equipment for construction of pile foundation in dense urban areas is the most 

appropriate. In this case the use of screw anchors to compensate reactive efforts piles 

arising during the dive, and the creation of a closed circuit flow can significantly 

improve the performance and reduce the cost of operations. Due to the lack of studies 

aimed at investigating the effect of geometrical parameters of the helical blade on the 

carrying capacity of the screw anchor is expedient to hold this kind of research, but 

also provide a method of calculating the anchor equipment to design and build more 

efficient svaevdavlivayuschih machines. 

1.4. Drilling problems in the construction of pile foundations on frozen 

ground 

There are many ways of drilling, pile foundation in the construction of a 

building under construction. Often faced with various difficulties in drilling wells, the 

construction of buildings for any purpose, whether it is residential buildings, public 

or industrial type. Today, the most common and preferred method of pile foundation 

device technology is bored piles. Large spread has rotary auger drilling, does not 
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require the use of washing wells. Destroyed bit rock falls on the surface of the screw 

auger rotating at high speeds, and shall be made up to the wellhead. 

Auger drilling provides high mechanical speed so as not chisel grinds and does 

not abrade already separated from the slaughter of the breed. The process of cleaning 

the borehole during drilling screw is continuously and simultaneously destroy the 

breed. Separated from the rock face falls on rapidly rotating screw auger. Under the 

action of centrifugal force it is pressed against the walls of the borehole. 

Continuously oncoming helical ribbon screw lifts her up to the wellhead, with some 

rocks rubbed flanged tape borehole wall [2, 8, 9] . 

When auger drilling downhole effectively cleared of broken rocks, which 

provides high mechanical drilling speed in rocks class IV on drilling capacity.With 

high mechanical speed drilled weak cemented sediments of small pebbles and gravel, 

as the latter are not destroyed, but is fully brought to the surface. Poor working auger 

in sticky clay, which adhere to the screws and prevent transport cuttings.The 

advantage of auger drilling shallow wells in soft rocks - high speed deepening; 

continuous transport rocks without lifting tool, the ability to drill without washing. 

Cons - small drilling depth, large power required to rotate the screw heavy columns 

[2, 8, 9]. 

Tools during drilling work in very difficult conditions: high static and dynamic 

loads that affect the work of the drilling tool. Longer service life and reliability of 

mobile machinery for drilling drilling tool is an important technical challenge.  

Auger itself is a mechanical drilling tool having as the cutter head and auger 

drill for storage and transportation on the fracture surface of the soil. Boers often 

made with one (single-pass), at least two (ouble-threaded) auger spirals. The ends of 

the screw exposed to considerable wear. A rotary type drilling is that the drill rod of 

the screw -type the cutting crown pressed against the bottom of the hole due to the 

mass of the machine receives the rotation from the motor of the machine. Cutters 

rotating at the crown downhole cut rock in the form of fines is removed continuously 

from the hole helical rod coils. In this type of drilling is conducted, the process 

digging. If your soil is homogeneous, then this method is effective. But as you know 
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soils structurally heterogeneous. They can represent composed of interbedded 

dolomite, clay, marl, siltstone, and weakly dense sandstone, mudstone , differ greatly 

in terms of drilling (3-7 category). 

Drilling in these soils is much more complex than in the denser, but 

homogeneous. And the process of cutting in such soils become extremely difficult, 

and sometimes impossible. Also faced with the problem of full its failure drilling 

tool. To solve this problem, you need a completely different type of drilling, which 

worked well in different types of soil. Deals with this issue at the department" 

Building and road machines" Saratov State Technical University. " A feature of this 

type of drilling is that drilling is carried screw auger original design through the use 

of a picker working cutting portion of the screw body . This technology solutions can, 

as follows. Flat chisel from borer, bore hole of smaller diameter. In this process, the 

drilling is carried out not by cutting and separation method that provides the smallest 

energy consumption. However, for an effective drilling tools, the question of the 

degree of effort screwing traction tip. [2, 8] 

In particular, the tests established at the Department of another type of screw 

auger proved its effectiveness in the device well in abrasive soil and discovered that 

the durability of the data of ground conditions is 30-40 % higher than the durability 

of the cutting tool. The possibility of using this type borer and the process of drilling 

the pull enable drill soils of different categories. In this case, the gap is seen from the 

ground as a result of the introduction of an array in a helical blade having a triangular 

cross-section. 

Chapter.2. New equipment sferodvizhuschimisya working bodies  

2.1. Equipment for the production of paving slabs 

Today the market of products for finishing sidewalks offers an extensive 

selection of tiles of different shapes and colors. Each user can choose the material 

according to their tastes and abilities. According to experts, non-compliance 

technologies laying tile, as well as further its improper operation - one of the main 

causes of damage to paving slabs. 
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But we can not lose sight of the tile and manufacturing technology, because it is 

often concerned producer profit, not the welfare of the consumer. In pursuit of profit, 

the manufacturer often uses inappropriate grade of cement tile manufacturing 

standards, which leads to low strength tile and its further degradation (Fig. 1). 

   

 
Fig. 1 Types of destruction paving slabs 

Just the quality of the tiles and significantly affects the quality of its seal. Very 

often using primitive presses for sealing rigid concrete mix, the manufacturer takes 

care of higher quality seal only the front side of the tile, which creates a marketable 

product. This sealing is often leads to segregation, and subsequently to its complete 

destruction. An example of such destruction tile is shown in Figure 1. 

As it is necessary to take into account the quality of the mixture for the 

manufacture of tiles. In the vast majority of cases it is bad stirring the mixture leads 

to the formation of the future then all sorts of tile and sinks. Such formations in the 

structure of the tiles to cause its destruction after the first season operation. 

This occurs because the moisture absorption while the pores are filled with tiles 

and wash with water. By lowering the temperature of the water freezes in the pores 

expands, causing the destruction of the integrity of the tile. 

It often happens that when bad mixing, the mixture turns patchy and in some 

areas of the tile formed sectional concentration of sand or cement. When this happens 

the desired bonding of the sand particles with the particles of cement. Such tiles are 

not able to withstand even a minor load. 
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Another important reason for the fragility of the tiles could become a low-

quality styling. It should be carried out after completion of excavation works and 

facades. 

An important point in the longevity of paving slabs is its correct operation. Of 

the most common mistakes - its shoveling snow or chopping ice using metal tools 

and equipment, as well as processing of chemically aggressive towards the cement 

compositions, which is unacceptable. Result of non-compliance of these technologies 

will be visible after one season - will be covering crumble and disintegrate. 

Based on the analysis, one may conclude that the quality of the tiles is 

influenced by many factors of which the most influence tight seal method concrete 

mix. In this regard, it is interesting development, which utilize new methods of 

exposure of workers to the sealing of rigid tsementopeschanuyu mixture. 

So the chair of "Building and road machines" SGTU drafted and made a 

prototype press flat working body (stamp), to perform complex spatial spherical 

motion (Fig. 2.) [18]. The position of the stamp is adapted with respect to the density 

of the compacted mixture (Fig. 2.). 

                 
а)                                                                 b) 

Fig. 2 View of the press (a) and scheme of the seal assembly (b) forming 

paving slabs 

The apparatus for compacting consists of mixtures of Form 1 , 2 frustoconical 

connected via a shaft 3 with a knee- drive 4 mounted on rails 5 with the possibility of 

reciprocating movement, the lock 6 and the latch 7 , which is freely suspended on the 

intermediate sealing plate 8 . Knee- shaft is provided with a flange bearing surfaces 

which are developed in the radial direction. On the periphery of the flange ends and 
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truncated stamp marked thrust bearings. Lock 6 is a hinged- lever mechanism, and is 

arranged to simultaneously interact with the stamp 2 and the mold 1. 

Sealing impact load is implemented via a rigid plate, which reports on the 

movement of the surface imaginary sphere with the center, moving in the direction of 

compaction. Since the plate rests freely on the sealing surface portion and an 

eccentric load is applied, with increasing angular density of the mixture parameters 

die defining its spatial position varies depending on the properties of the mixture. 

Quality tiles, packed on the submitted press, fully meets the standards, both in 

strength and frost resistance [19]. 

2.2. Machines for fixing potentially unstable soil masses 

One of the problems of modern construction is the possibility of construction of 

buildings and structures in areas with unstable zone of soil masses. Furthermore, the 

presence of such zones is a constant threat of existing buildings in cities and 

industrial zones. 

Effective method of securing potentially unstable soils is the erection of deep 

piles (driven piles, bored), combined into a single system partition off motion 

landslide masses [20]. Such systems are called landslide retaining structures deep 

foundation. 

The most widely used as retaining members got bored piles. Manufacturing 

technology of bored piles includes the following operations: 

- Drilling of wells; 

- Cleaning of the borehole cuttings during drilling; 

- Well casing; 

- Installation of the reinforcement cage; 

- Installation vibrobunkera with betonolitnoy pipe; 

- Inclusion vibrobunkera betonolitnoy with pipe; 

- Extraction of casing by the vibrator; 

- Drawing the head of the pile. 

Drilling is carried out with the use of casing. The well is drilled to the design 

level, then slaughtering cleared of mud, and the well is lowered by crane 
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reinforcement cage. For concrete bored piles used vibrobunker with betonolitnoy 

pipe. Casing is removed after filling the hole with concrete mix to her grasp. To eject 

casings used screw or hydraulic jacks, which abut a special metallic clamp 

compresses the top of the casing. In strengthening landslides during their activation 

casings often clamped landslide pressure. In such cases, they are left in the wells and 

provide cover, the pressure receiving ground during the hardening of concrete. 

These landslide retaining structures avoids complex drainage system devices as 

separate columnar elements do not hinder the movement of ground water, do not 

require additional maintenance and repair, which excludes operating costs. Use of 

bored piles is recommended for power shifting mass of not more than 17 m, slope 

steepness no more than 50 º. 

However, the use of these designs is severely restricted because of the large 

volume of work and the number of machines and mechanisms, supplied equipment. 

In addition, because a significant amount of concrete needs, use this method to 

strengthen landslide slope becomes economically viable only if you can not use other 

types of grouting . 

An alternative to costly concrete bored piles are grouting piles. Grouting Piles 

made of soil cement fixed borehole, which reduces their cost. However, the currently 

used technology for their construction, such as inkjet and burosmesitelnaya are 

inefficient and do not provide for the carrying capacity of the material sufficient to 

keep the sliding slopes . 

All these factors contribute to the relevance of the research to improve the 

technology of anti - erection of retaining structures deep foundation using grouting 

piles. 

New Technology fixing potentially unstable soil masses offered at Saratov State 

Technical University [21, 22]. With this technology, is proposed to erect buildings 

landslide based grouting piles manufactured using equipment, working body which 

represents the sector conical stamp commits spherical motion (Fig. 3). 
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Fig. 3 Equipment for the manufacture of grouting piles 

 

Manufacturing process grouting piles includes the following process steps: 

- Installation of equipment for the manufacture of piles mark. The angle of 

inclination of the manufactured pile is provided by deflection of the drill rod. On one 

installation may produce piles at different angles, that is to form " bushes " piles; 

- Making the pile shaft. Upon rotation of the shaft 1 in the vertical direction, 

providing an immersion working body punch 2 by an applied axial force produces a 

layered cut-off soil and Grinding sharpened edges sectors. Simultaneously in the 

working area is supplied through the nozzles 4 cement mortar is mixed with the soil 

loosened and forms a grouting compound. If necessary, this procedure may be 

combined with the immersion of the reinforcing frame. Upon reaching the design pile 

length driveshaft switches to rotate in the opposite direction. 

Upon rotation of the vertical shaft in the opposite direction occurs disinhibition 

overrunning clutch 3, while the stamp makes spherical movement, simultaneously 

rotates around its own axis and the axis of the drive shaft. While the impact on the 
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working body of the vertical static load (sealing force) is a periodic roll forming 

sectors stamp on grouting mixture wakes up in small portions intersectoral space. 

Layers and continuously compacting under a mixture gradually vyglublyaetsya 

working body, leaving under a post -compacted material - grouting pile. Thus the 

construction of a solid made a series of vertical piles forming the enclosing wall 

landslide. 

Using this equipment allows you to perform a number of activities to reduce the 

cost of anti- structures and improve their quality: 

- When the equipment sector stamp at deepening performs drilling, loosening 

the soil and mixing it with cement mortar. At the same time, you can produce with a 

deep dive of the reinforcing cage. When vyglublenii working body it will seal 

grouting mixture. Therefore, all operations can be carried out technological cycle one 

equipment and thereby reduce the number of cars belonging to breadboard. This fact 

also makes better performance compared to existing methods of erection grouting 

piles; 

- Working body produces equipment layering seal grouting mixtures that do not 

allow the existing production technology grouting piles. Consequently, possible to 

obtain a dense and strong structure for a desired substance. 

Currently, studies on optimization of process parameters of new equipment for 

the manufacture of grouting piles [23]. 

2.3. Equipment for the manufacture of hollow bored piles 

One of the principles of creation of resource-saving technologies construction of 

bored piles is to reduce their consumption of materials. This condition can be 

achieved by using hollow bored piles, construction of which largely eliminates the 

disproportion between the strength of the material and its pile bearing capacity on the 

ground.  

In Saratov State Technical University at the department of "Building and road 

machines" of design equipment for producing hollow bored piles [24, 26]. 
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Fig. 4 Working body for producing hollow bored piles 

Working body (Fig. 4) consists of a seal stamp 2, 3 core, freely rotating on their 

axes. The axis of the die is rigidly fixed on the upper end of the knee- portion of the 

vertical shaft 1. Seal stamp is a truncated cone inclined to the vertical axis. The upper 

part of the die is performed spherical. Member may be used as an attachment on a 

drill installation or have an independent drive. 

Making piles as follows. 

The working body is mounted on the bottom of the prepared hole, and then 

starts feeding the concrete mix while integrating the rotary drive shaft and the 

creation of vertical thrust. At the same time stamp starts to make complex spherical 

motion and rolled in the annulus between the borehole wall and the core, where the 

concrete mix. 

Use with circular stamp allows a number of measures to ensure the high 

resistivity of hollow piles and reduce the cost of their production: 

- This allows you to condense the working body rigid concrete mixtures (water-

cement ratio W / C = 0.28 0.32), resulting in savings of cement, as well as minimizes 

the loss of the bearing capacity of the pile on the ground due to shrinkage of concrete 

during curing; 
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- Layering seal concrete layers of small thickness (3-5 cm) and large contact 

pressures and provide high strength equal to the pile shaft; 

 - During the compaction of concrete mix is transferred to the walls of the 

borehole pressure up to 180 kPa, the amount of which depends on the thrust. This 

allows us to improve the bearing capacity of the pile on the ground and give them a 

different form, without using additional mechanisms. 

To confirm the effectiveness of the working body were tested specimens of the 

equipment [25]. 

The equipment is intended for the manufacture of piles in the borehole diameter 

of 400 mm with an internal cavity 250 mm (Fig. 5).  

 
Fig. 5. Production of hollow bored piles 

The maximum length of piles limited length of the drill rod and the base 

machine was 5 meters Tests were conducted on the experimental site, the physical 

and mechanical characteristics of the soil which corresponded loams and loams semi 

myagkoplastichnym. 

Evaluating the effectiveness of the new equipment was based on the comparison 

of the proposed method with the method of construction of piles of solid section on 
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vibration technology. As indicators of the performance criteria adopted rational 

design of piles and technical and economic indicators of their construction methods. 

Rational design of piles evaluated specific bearing capacity of the pile on the 

ground and Sf on the material mf . 

VPfS /= ;  VQfm /= ,                                     (1) 

Where: QP, - bearing capacity of the pile on the ground and the material, 

respectively, kN; 

           V - volume of material piles, m. 

Furthermore, to assess the design of equal strength piles used coefficient which 

is defined as 

SmP ffk /= .                                                     (2) 

According to the principle of equal strength on the ground and pile material, this 

ratio should tend to unity, ie 1→Pk . 

Techno- economic comparison of methods was carried out by the construction 

of piles indicators of their performance and complexity. 

Total study site was made three hollow piles and piles of solid section three. For 

devices of solid section heel hollow piles at the bottom of the well to lay concrete 

mixture layer 500 mm. With the construction of the pile shaft solid section concrete 

mix stacked layers of up to 1 m and compacting vibrators IV- 75 for 10 minutes. For 

the manufacture of hollow piles used sand and cement mix with slump 0, for piles of 

solid section - 3.5 ... 4 mm. 

During the manufacturing process was carried out piles of timekeeping 

technology.  

Evaluating the effectiveness of the new equipment was based on the comparison 

of the proposed method with the method of construction of piles of solid section on 

vibration technology. As indicators of the performance criteria adopted rational 

design of piles and technical and economic indicators of their construction methods. 
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Rational design of piles evaluated specific bearing capacity of the pile on the 

ground Sf and on the material mf  

 VPf S /= ;  VQf m /= ,                                       (3) 

Where: QP, - bearing capacity of the pile on the ground and the material, 

respectively, kN; 

           V - volume of material piles, m. 

Furthermore, to assess the design of equal strength piles used coefficient which 

is defined as 

SmP ffk /= .                                                     (4) 

According to the principle of equal strength on the ground and pile material, this 

ratio should tend to unity, ie 1→Pk . 

Techno- economic comparison of methods was carried out by the construction 

of piles indicators of their performance and complexity. 

Total study site was made three hollow piles and piles of solid section three. For 

devices of solid section heel hollow piles at the bottom of the well to lay concrete 

mixture layer 500 mm. With the construction of the pile shaft solid section concrete 

mix stacked layers of up to 1 m and compacting vibrators IV- 75 for 10 minutes. For 

the manufacture of hollow piles used sand and cement mix with slump 0, for piles of 

solid section - 3.5 ... 4 mm. During the manufacturing process was carried out piles 

timing of all technological operations. Piles were tested for load bearing capacity on 

the ground Static impressed loads 

Table 1 

Comparative characteristics of methods for making piles  
 

 

 

Data 

                   Design of piles 

Hollow pile made  

ring work  

authority 

Pile of solid 

section, made by  

vibration  
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technology 

On the soil bearing capacity P, kN 215 152 

Specific load capacity on the ground 

Sf , kN /m3 

693 387 

The bearing capacity of the material 

Q, kN 

1702 2135 

Specific load capacity of the material 

mf , kN /m3 

5490 5474 

Indicator of rationality design 

SmP ffk /=  

7,9 19,1 

The complexity of mechanized 

operations in the construction of the 

pile shaft, pers. per hour 

0,17 0,2 

Performance erection of the pile shaft, 

m / h 

15,0 6,7 

Based on a comparison of indicators characterizing the methods (table), found 

that the specific load-bearing capacity of piles, manufactured in a new way, is 2.3 

times higher piles produced by traditional vibration technology. Furthermore, a low 

value mf  indicates that a new pile construction fullest strength of the barrel material 

used. Consequently, the piles produced a working body with an annular conical die, 

largely meet the criteria of rationality structures of this type. 

This method is also characterized by increasing productivity and reducing 

energy consumption.  

All these factors contribute to the effectiveness of the equipment with the 

annular body of work for the construction of hollow bored piles. 

2.4. Equipment for soil compaction in confined construction 

Study of domestic and foreign experience shows that when compacting backfill 

treated sinuses underground structures, usually using traditional methods of layered 
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soil compaction, such as rolling, compacting, vibrotrambovanie and others who 

treated backfill compaction require significant non-mechanized labor costs, and it 

does not provide a high quality of work, significantly delaying the subsequent process 

steps of construction. Moreover, in practice, treated backfill performed often with the 

help of bulldozers and dump trucks layer of considerable thickness or height of the 

sinus completely on excavation. Such layers can not be compacted qualitatively 

existing means. 

As a result, there are large nedouplotneniya subsidence, causing the destruction 

of man-made structures. Sagging due nedouplotneniya soil plots fall to sleep again, 

sometimes up to a meter high layer, gravel, gravel, sand, concrete and other 

materials. When this does not rule out a repeat repair subsidence, as stabilizing soil 

settlement occurs only in a few years. 

The chair of " Building and road machines " Saratov State Technical University, 

Yuri Gagarin Trailers created for soil compaction in confined areas to hydraulic 

excavator EO -262IA ( Fig. 6) [23]. 

 
Fig.6. Prototype equipment 
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Equipment compactor is conical sector stamp 4, the axis of which extends at an 

angle to the axis of rotation of the vertical shaft 2 is coupled to the hydraulic actuator 

1. The design provides for overrunning clutch 3 connecting sector conical stamp with 

the drive shaft. Each of the sectors of the stamp has a cutting edge, allowing the 

working body to sink into the ground rotation (zaburivatsya). 

When rotating vertical shaft 2 stamp 4 a complex motion, rotating around its 

own axis and the axis of the drive shaft. 

The peculiarity of soil compacting working body is its ability to simultaneously 

seal samovyglubleniyu Bolster layer of material at its preliminary introduction in 

sealants. 

The principle of operation of the equipment is as follows. 

Working body gruntouplotnitelya suggest the required mark, manipulating the 

excavator boom and stick, and lowered onto the surface of the soil. Include rotational 

movement of the vertical drive shaft 2 in a direction providing locking freewheel 3. 

Clone 4 rotates together with the spindle, while applying a vertical load (pressure 

force) and the torque acting on the bottom edge of the cutting sectors in the array is 

immersed to the desired depth. 

Upon reaching the required depth of immersion of the working body reverses 

the drive shaft, the overrunning clutch occurs disinhibition 3 and 4 while the stamp 

performs a complicated movement around its own rotational axis, and the axis of the 

drive shaft, while exposed to a vertical static load. This leads to periodic rolling on 

the ground die sectors. Submission of material being compacted under the stamp in 

the multi-sectoral space is defined naturally by the forces of gravity. Layers under a 

compacting soil, working body, overcoming resistance static prigruza gradually 

coming to the surface, leaving a ground massif in a cylindrical column of compacted 

soil - dirt pile. During a full revolution of the vertical shaft deformation of the 

material is insignificant, but as the rotation shaft of the vertical high frequency 

occurs, the overall deformation per unit time reaches a considerable value. 

After the operation is complete seal is made permutation working body on a new 

benchmark and thus, worked out an array of material to be compacted. When the 
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location is close enough to each other points of the immersion is achieved high 

quality seal all of the soil mass. At the end of each cycle of condensation on the 

surface of the array are formed conical funnel. 

To improve the quality seal and eliminate additional operations backfilling and 

compaction of the soil in the crater is recommended to fill the trench with "cap" . As 

the seal "cap" settles and compacted soil will match zero. Finally made the surface of 

the array layout using basic tractor dozer equipment. 

Sectoral nature of the impact of the stamp committing spherical movement on 

the ground causes a number of advantages , which include: 

- Continuity of static loads on the working body; 

- Cyclical transmission sealing energy tamp; 

- Enhance the natural character of specific pressures; 

- Absence of shock, noise and vibration equipment. 

Tests have confirmed the effectiveness of the equipment with the sector working 

body for compaction in confined areas. 

Findings 

1. Analytical results are the source material for further research aimed at the 

creation of new types of work equipment capable of implementing new ways of 

producing work in cramped conditions of the building. 

At present, research is being conducted on the following areas: 

- Development of a generalized theoretical model of the interaction of screw 

working bodies with the soil composition of the working equipment for different 

process purposes; 

- Conducting laboratory and field experimental studies on processes of the new 

equipment. 

Conducted scientific research and implementation of research results allow to 

intensify workflows machines intended for the production of works in the cramped 

conditions of construction. 

2. Technical and technological features workflows working bodies committing 

spherical movement can effectively use them for a wide range of construction works: 
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 Compaction and ground improvement; seal stiff concrete mix in the production 

of construction products, construction of bored piles and other products. 

However, the possibility of working bodies, perform complex spherical 

movement, yet not utilized to the fullest. Therefore, in the current research on the 

following areas: 

- Development of a generalized theoretical model of the interaction of 

sferodvizhuschihsya working bodies with a mixture of soil and grouting in the 

construction of structures and landslide profiltratsionnyh structures; 

- Research process seals of different materials (asbestos, reinforced concrete, 

polymer, etc.) in the manufacture of building products and bored piles of various 

designs; 

- Study the after effects on the qualitative indicators of the densification process. 

Conducted scientific research and implementation of research results allow to 

intensify the development and use of equipment, based on the use of new methods of 

environmental impact. 
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METHODOLOGICAL SIDE OF THE LOGISTICS TECHNOLOGIES 

FORMATION ON THE RAILWAY TRANSPORT 

 Ukrainian State Academy of Railway Transport,  

South - Western Railway 

 

Reforming processes of a native railway transport based on those positive 

tendencies, which were recently observed in the transport market. They are caused by 

competitive rising of all railways in CIS countries and Baltic States. Experience of 

the countries with developed economy shows us, that reforming processes should be 

lead with receiving possibility system-wide effect from the individual interconnected 

subsystems functioning (units of rail transport) like unified system. 

Systematic approach to the justification the process of reform and development 

of the railway sector provides the formation of a dynamic model of the individual 

transport units, consisting of a single organizational - technological structure. This 

enables the system to be generally aimed at achieving the objectives of its 

functioning. So, such structure can be considered a major transport system for which 
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is characterized by new properties and characteristics and all separate rail divisions 

acquire the status of system elements. 

Modern conditions needs to formalize the functioning of large dynamic rail 

system from the system approach position, which is directed on system-wide 

optimization (synergistic) effect and takes into account the complex of all participants 

interests in the transportation process. One of the main limits for this system is a 

providing of the resources cost reduction (rolling stock, amount of cargo on the route 

to the consumer, staff etc.) for an assimilation given traffic volumes. 

In order to improve the quality characteristics of the transport process and the 

efficiency of cargo service, solving management task and logistic system 

rationalization of the goods delivery can be carried out the basis of multi-criteria 

methods, taking into account conservation approach. General industry logistic system 

should consist of the railways, their units, some large railway stations in conjunction 

with the relevant subsystems cargo. In process of the logistic system centers 

formation appears a question of managing their organizational structure. In our 

opinion one of the main factors which must be taken into account in shaping the 

organizational structure of logistics centers is an opportunity to achieve a high service 

level with taking in account availability of internal and external constraints. 

From the logistics view point customers needs main services connected with 

transportation, storage, loading and unloading, warehousing, order processing, 

inventory management, herewith, services are seen as interrelated and interactive. On 

the other hand, in this complex are especially important logistics service indicators 

(service quality, compliance is "just in time", etc.). Herewith logistic system should 

take on additional functions, which are accompany transportation, such as packaging, 

labeling, sorting goods, transportation design, determining the optimal transportation 

options, control over the movement of goods in transit. 

To do this, you first need to ensure the absolute safety of cargo; offer the full 

range of transport services; simplification of goods carriage and tariff system; 

reducing the delivery time; creation of a powerful and modern information network; 
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clear interaction organization with a motor companies or obtaining of own one for 

delivery ensuring.  
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