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Abstract The article uses approaches to the 

comparison of rock-crushing working bodies based 

on the use of complex indicators of the quality of 

construction machines used on construction sites. 

The use of such indicators is due to the need for con-

stant improvement of existing equipment and the 

creation of new ones taking into account existing 

needs. Today, in Ukraine, there is a need for effi-

cient implementation of construction works related 

to the laying of main pipelines. This, in turn, poses 

the task of determining the efficiency of performing 

mechanized earthworks during the laying of engi-

neering networks. Complex indicators are grouped 

by characteristics. The first group includes indica-

tors of classification, purpose, reliability, manufac-

turability, standardization and unification, patent 

law, aesthetics, ergonomics, safety. The second 

group consists of economic indicators. The third 

group is defined by indicators of competitiveness. 

Indicators of the 4th group and above evaluate the 

main groups of subsystems of machines or com-

plexes of energy and technological purposes. 

The need to create competitive earthmoving 

equipment requires the use of modern constructive 

solutions and their objective comparison at the de-

sign stage. In the course of the study, earthmoving 

working bodies for laying engineering networks of 

the type "cone cutter" and "end working body" in 

the form of a disk were compared. A comparison of 

the nominal and oscillating modes of operation of 

the end working body is also proposed. Design fea-

tures of the working body of the type "cone cutter" 

and "end working body" are described. The results 

are summarized in the form of tabular data. 

 

 

The proposed technical solutions open the possibil-

ity of variable use of rock-crushing work equipment 

of construction machines in accordance with the 

economic requirements and needs of the end user. 

The effectiveness of using the methods of compre-

hensive assessment of technical solutions lies in the 

possibility of their analysis by individual indicators, 

in combination, as well as when ranking the values 

of individual indicators according to significance. 

Keywords: a complex indicator, a trencher, an 

end-to-end working element, a road cutter. 
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INTRODUCTION 

 

Today, on the territory of Ukraine, when per-

forming construction and renovation works, it 

is necessary to use rock-crushing machines for 

laying communications, which have the proper-

ties of speed, mobility, and the cost of perform-

ing the work is relatively low. At the same time, 

it is often necessary to create new working bod-

ies for construction machines, technological 

equipment – to develop a work execution plan 

using effective mechanized equipment and ma-

chines [1]. 

When introducing new designs of machines, 

it is important to evaluate their effectiveness at 

the stage of operation. A theoretically and ex-

perimentally based optimization objective 

function is used to evaluate the options for con-

structive solutions, which consists of indicators 

determining the efficiency of the designed 

earthmoving machine. Indicators are divided 

into groups that evaluate the quality of the tech-

nical object, economy and competitiveness [2, 

3]. 

Designs of working bodies, attached equip-

ment, power drives of trenchers for laying en-

gineering communications developed at the 

Department of Construction Machinery of 

Kyiv National University of Construction and 

Architecture in a number of cases allow to ef-

fectively perform engineering tasks to ensure 

the efficiency of technological construction 

processes [4, 5, 16]. 

 

PRESENTING MAIN MATERIAL 

 

Determining the comprehensive evaluation 

of the machine at the stage of development of 

the work execution project allows to avoid pos-

sible cost risks and determines the direction of 

creating a variable database at the work execu-

tion site. 

For a comprehensive assessment of objects, 

especially construction machines, it is neces-

sary to carry out their formal separation accord-

ing to the main indicators that determine their 

effectiveness [2, 15, 17]. 

The first group includes indicators: classi-

fication; purpose; reliability; manufacturability; 

standardization and unification; patent law; 

technical aesthetics; ergonomic; safety [2, 15, 

17]. 

The indicators are selected based on the re-

quirements of international and national stand-

ards and norms, as well as the legislation of the 

countries in force where the machine is oper-

ated. 

The second group consists of economic indi-

cators that determine the costs of purchasing a 

machine (price, transportation, installation, ad-

justment, etc.), operating costs, energy costs 

(for fuel, etc.), for paying service personnel, etc 

[2] 

The third group is determined by the indica-

tors of competitiveness – terms of sale (on 

credit, on the basis of barter, etc.), the level of 

service and prestige advertising; are evaluated 

in points by the expert method. 

The system of indicators, interconnected 

with the purpose of the machine and the nature 

of the technological processes performed, is 

determined on the basis of the analysis of the 

integral technical and economic indicator, 

which compares the costs produced with the ef-

fect obtained in the national economy from the 

use of the appropriate technology and the profit 

of the consumer. As an integral indicator, re-

duced specific costs ПzzПИТ / , UAH/m3 

are accepted, where z is reduced costs, UAH/h; 
П  – operational productivity, m3/h [3, 4] 

The stated costs are determined by the for-

mula EKSz   UAH/year, where S  – the 

exact annual costs; K  – capital investments, 

adjusted to the year by multiplying by the stand-

ard efficiency ratio E . For construction and 

road vehicles E , it is accepted as equal to 0.15. 

The system of generalized private indicators for 

evaluating the efficiency of the machine is ob-

tained by determining the reduced costs sepa-

rately for each of the main subsystems of the 

machine, for example: 

energy supply (engines), the costs of which 

are proportional to the installed capacity of en-

gines N; 

technological costs that are proportional to 

the mass of the machine G; 

life support – (cabin, control elements), the 

costs of which do not depend on N and G; 

costs for labor resources (for the operator 

and service personnel), dependent on the 
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weight of the machine and proportional to the 

number n of workers servicing it. 

Generalized indicator of energy, material in-

tensity and output per person 

 

ПП

Nn
П

Т

N  . 

 

The quality of machine manufacturing is 

evaluated by the reliability indicator: 

 

ПРОФУССЕР

СЕР

ttt

t
k


 , 

 

where СЕРt  – average working time of the ma-

chine; УСt  – troubleshooting time; ПРОФt  – 

time for preventive measures. 

Each of the indicators is in a hierarchical re-

lationship with the others. The parameters and 

indicators of the lower level are included in the 

indicators of the higher level. Moreover, the 

indicator of the 1st group is appropriate for the 

evaluation of system and machine complexes, 

if it is known that the coefficients of specific 

reduced costs for the compared objects change 

significantly in the process of developing a 

new object. Taking into account the difference 

in the economic, technical, financial and con-

junctural policies of the production and opera-

tion of earthmoving machines in different 

countries, it is reasonable to compare ma-

chines of different designs on the basis of gen-

eralized indicators only between similar ma-

chines produced by one country. 

The indicator of the 2nd group has the 

same purpose as the integral indicator of the 

1st, but on the condition that for the new ob-

ject the coefficients of the reduced specific 

costs for operation and fixed assets do not 

change significantly in comparison with the 

 

Table 1. Evaluation of the effectiveness 

 

Evaluation 

group 

Indexes Rationalization 

and optimiza-

tion condition 

Rating 
Name 

General form of 

record 

1 
Specific costs are 

given 
EkСz ПИТПИТ   minПИТz  

Integral technical and eco-

nomic efficiency 

2 

A generalized indi-

cator of energy in-

tensity and mate-

rial intensity, at-

tributed to the out-

put of one worker 

3/ПNGnПNGn   minNGnП  Generalized technical level 

on cost savings 

3 

Generalized indi-

cator of energy and 

material intensity 

3/ПNП ПИТNG   minNGП  The same 

4 Energy intensity ПNNПИТ /  minПИТN  Energy cost savings 

5 Material capacity ПGGПИТ /  minПИТG  Savings in material costs 

6 
Production of one 

worker 
nПnПИТ /  maxПИТn  Labor cost savings 

7 Productivity П  maxП  Increase in productivity 

8 
Cycle time and 

work operations 
Цt  minЦt  Duration of work operations 

9 
Performance indi-

cator 
k  maxk  Machine manufacturing qual-

ity and reliability 

10 

Separate technical 

parameters 
P , N , G  minP , 

minN , 

minG  

Improvement of individual 

parameters 
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standard It should be used as a base for eval-

uating the technical level of machines and 

complexes. 

Evaluation of the effectiveness of construc-

tive solutions, which make up a group of indi-

cators of technical significance (Table 1). 

The synthesis of this indicator with the co-

efficients of qualitative indicators of target 

and restrictive purpose allows to obtain a gen-

eralized indicator of the technical level of the 

system [3, 4]. 

The indicator of the 3rd group also gives an 

opportunity to estimate the savings of energy 

and material costs in the complex. 

The indicators of the 4th and 5th groups 

evaluate the main groups of subsystems of ma-

chines or complexes for energy and technolog-

ical purposes, the 6th – for saving labor re-

sources during the operation of new complexes 

and machines, taking into account system relia-

bility indicators. The indicator of the 7th group 

is one of the most important, since all indicators 

of a higher level can be set only if the produc-

tivity value is known. Indicators of the 8...10th 

groups allow you to determine the quality of the 

machine with unchanged parameters included 

in the indicators of a higher level. 

Based on the system of the specified in-

dicato`rs, they perform a comparative assess-

ment of the technical level of machines and 

complexes as a whole, individual subsystems 

and work processes under average operating 

conditions and taking into account their proba-

ble interpretation, solve the task of improving 

the organization of product quality manage-

ment. 

Evaluation of the technical solution at the 

stage of formation of options for constructive 

solutions is carried out according to the indica-

tors of the 2nd...7th groups or according to one 

of the indicators of the 8th...10th according to 

previously specified information. The calcula-

tion is performed on the basis of known math-

ematical expressions that establish a connec-

tion between indicators and determining pa-

rameters [3, 4]. 

At the stage of experimental studies, indica-

tors are calculated using physical or combined 

modeling with large-scale models of new con-

structive solutions. 

Indicators of groups 1...7, which include 

productivity, are intended to be calculated on 

the basis of values of theoretical, technical and 

operational productivity. Due to operational 

performance, reliability indicators of the de-

signed machine are entered into the calculation 

(Table 2) [3, 4, 17]. 

With a variety of parameters, the effective-

ness of a new constructive solution is evaluated 

by a complex indicator 

 

 ii pkk , 

 

where ik  – relative i-th partial indicators of ef-

ficiency according to the options of new solu-

tions; ip  – the weighting factor of the i-th rela-

tive partial efficiency indicator. 

Relative partial indicators of efficiency 

are determined by formulas: 

 

H

T

E

E
ki   with TH EE  ; 

T

H

E

E
ki   with 

TH EE  ; 

 

where HE  – the value of the i-th indicator of the 

new decision option; TE  – the value of the i-th 

indicator of the traditional solution, taken as a 

benchmark. 

The coefficients of the corresponding partial 

indicators are established by the method of ex-

pert evaluations. For approximate calculations, 

 

Table 2. Indexes of effectiveness 

Indexes 
Weighting 

factor 

Technical level : 0,4 

qualification 0,016 

appointment 0,072 

reliability 0,076 

manufacturability 0,036 

standardization and unification 0,04 

ergonomic 0,056 

patent law 0,036 

technical aesthetics 0,068 

Economical 0,34 

Terms of sale and serial 

production 
0,26 
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the values of the weighting coefficients of the 

partial indicators of the effectiveness of new 

technical solutions are recommended. 
The level of effectiveness of the constructive 

solution is determined by the efficiency coeffi-
cient of the new constructive solution 

 

Hi

T
H

E

E
k  , 

 

where HiE  – indicator of the i-th option of a 

new technical solution; TE  – the basic value of 

the indicator in the group of traditional con-
structive solutions. 

Intensification of earthworks is one of the 
ways to reduce the energy intensity of their ex-
ecution. The works [4 – 6] defined the design 
directions of dynamic work bodies with the 
functions of intensification of the work process 
and analytical dependencies regarding the de-
termination of the parameters of auxiliary 
means of intensification of earthworks.  

Fundamental analytical and experimental re-
search made it possible to substantiate a number 
of fundamentally new provisions for the effi-
ciency of the working processes of rock-crush-
ing machines. The main of these provisions are 
the following: 

1. Formation of oriented high loading 
speeds. Such a load ensures an increase in the 
productivity of machines, a decrease in their 
metal content, and a decrease in the energy in-
tensity of the destruction of the working envi-
ronment. In addition, the speed loading process 
is easily controlled. 

2. Redistribution of energy flow. The work-
ing item must have its own engine, and not re-
ceive power from the main engine through sys-
tems of various gears and transmissions with 
low efficiency. 

3. Formation of weakened zones in the 
working environment in front of the working 
item, which are created due to the accumulation 
of fatigue deformations during multi-cycle 
loads 

4. Destruction of the working environment 
by the method of detachment to reduce the en-
ergy intensity of the process 

5. Reducing the energy intensity of the de-
struction of the working environment due to the 

cutting of the face element without its complete 
destruction 

6. Combining the functions of soil destruc-
tion and its transportation in one working item 

7. Adaptation of the working body of the 
earthmoving machine to the peculiarities of the 
process of development of soil massifs 

The end working item (Fig. 1, b) is a disk, on 
the frontal surface of which cutting and throw-
ing elements are installed. Cutting elements are 
installed according to a modular scheme and 
form cutting lines, which in turn form cutting 
modules. Cast elements separate the cutting 
modules from each other. 

When using an end working body to perform 
trench lines, the geometric parameters of the 
trench can be changed during the work. In many 
cases, the lack of variation in the dimensions of 
the trench limits the use of specific earthmoving 
equipment, which is excluded in our case - in 
the process of work, you can change the posi-
tion of the working item relative to the machine, 
and if necessary, change the profile of the 
trench. 

The intensification of the work process in the 
proposed case occurs due to the additional de-
struction of the work environment. In the design 
of the cone cutter (Fig. 1, a), additional destruc-
tion is performed due to the gas intensifier, the 
oriented gas nozzles of which direct a stream of 
compressed air at certain time intervals, which 
additionally loosens the soil. In Fig. 1, b shows 
the design of the end working element for the 
intensification of the work process, which uses 
peripheral additional mechanical working bod-
ies that forcibly rotate around their axis and de-
stroy the upper layer of the soil massif [9, 16 – 
18]. 

The values of the coefficients are deter-
mined for the operation of a excavator with an 
end working element with a disc diameter 0,6 
m, road cutter. The weight of the machine with-
out the working element – 6,3; attachment 
equipment – 0,7; end working element – 0,15 т. 
It is assumed that the basic equipment is always 

ready for work, i.e Tk  = 1. 

The proposed system of indicators allows 

you to objectively evaluate the efficiency of 

the trencher with the end working body ac-

cording to natural indicators. In terms of 

value, it is proposed to determine the effi-

ciency according to the existing indicator of 
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reduced specific costs according to the known 

methodology [2, 8, 15, 17]. 

The new low-energy working body of the 

"cone cutter" type (Fig. 1, a) consists of two 

parts: the upper and lower cones, which rotate 

in opposite directions. The condition for ensur-

ing the directional stability of the machine is the 

equality of the torques of the upper and lower 

cones of the working body from the cutting re-

sistance forces of the working environment. 

The above construction has the following 

advantages when working in strong soils: com-

bining cutting and transporting soil with one 

working body, which reduces the metal and en-

ergy consumption of the machine;  thanks to the 

concentric placement of cutting and metal ele-

ments (the absence of their mutual overlap in 

radial directions), the soil is destroyed by cut-

ting with the formation of rings, and not over 

the entire area of the slaughter, which reduces 

the energy intensity of the process; between 

cutting elements, cutting and throwing ele-

ments from different circles with a central ele-

ment, common stress areas are formed, which 

reduces the effort and energy intensity of soil 

destruction; due to the absence of single-radial 

cutting lines, non-simultaneous introduction of 

cutting and cutting-casting elements into cut-

ting is ensured, which reduces the dynamics of 

the process [19, 20]. 

Due to its features, the conical cutter works 

even when hard inclusions hit the cutting and 

casting elements, which are also thrown outside 

the trench. 

In work [5], approaches to the design of an 

impulse hydraulic drive are defined, thanks to 

which, for each individual dynamic working 

item, it is possible to design a hydraulic scheme 

that will ensure the maximum possible adapta-

tion of the working item and its working effort 

during soil development. 

In Fig. 2 shows the hydraulic circuit, which 

provides a follow-up pulse supply to the power 

motors 10 and 16. The provision of feedback is 

implemented by synthesized technical means 

that do not affect the speed of the system as a 

whole. 

The maximum reduction in energy con-

sumption of the earthmoving machine can be 

achieved by adapting its working body to soil 

conditions during soil development (Table 3). 

 

а       b 

Fig. 1. The destructive working body of the construction machine: 

a – road cutter; b – end working body 
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The use of neural networks allows solving 

the most important problem of evaluating ma-

chine performance with the automated creation 

of a computer model of the efficiency of work 

processes [12]. 

To develop an adaptive working body, the 

dynamic characteristics of the machine, the 

working body, the attachment and the physical 

and mechanical properties of the developed en-

vironment were analyzed. 

 
Fig. 2. Diagram of hydraulic drive with feedback: a – power part; b – part of controlling the main circular 

movement of the disc working item; c – part of controlling the longitudinal linear movement of 

the disc working item. 1 – tank with liquid; 2 – pump; 3 – bypass valve; 4, 9, 15, 17 – check valve; 

5 – block control distributor b; 6 - block control distributor c; 7 – control distributor of the oscil-

lating mode of movement of the disc working item; 8 – oscillation generator; 10 – drive motor of 

circular oscillating motion; 11, 18 – control valve; 12, 19 – throttle; 13 – drive motor of the os-

cillation generator; 14 – distributor for controlling the linear oscillating mode of the disc working 

item; 16 – engine of linear oscillating movement; 20 - drive motor of linear oscillating movement; 

21 – compensator; 22 – filter; 23 – safety valve; 24, 25, 26, 27 – manometer 

 

Table 3. Parameters comparison results 

 

№ 

п/п 
Indicator Marking 

Road 

cutter 

End working body 

NON Pulse mode Pulse mode 

1 Mass, kg∙103 G  61,2 6,1 6,2 

2 Power, kV N  270 32 27 

3 Productivity, m3/h П  630 90 90 

4 Theory Productivity, m3/h 
ТП  504 72 72 

5 Material capacity, kg∙h/m3 
ТПGM /  121 84,7 86,1 

6 Energy intensity, kV∙h/m3 
ТПNe /  0,53 0,44 0,375 

7 General indicator of saving 

material resources 
2/ ТNG ПNGП   0,065 0,037 0,032 
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The recommended ratios make it possible to 

determine the limits of the rational use of a 

trencher with an end working body and a tradi-

tional machine, the average power of the in-

stalled engines, the number of performed oper-

ations and the ratio of the number of workers 

servicing the respective machines.  

To determine the effectiveness of the use of 

the end working body of the trencher, a com-

parative analysis of earthmoving machines was 

carried out according to 7 indicators. 

 

CONCLUSIONS 

 

1. A comparative analysis of earth-moving 

machines showed that with the formation of 

forced oscillations on the working body, some 

indicators of the work process improve. 

2. In the case of using the same end working 

body in the form of a disc, the overall indicator 

of saving material resources improves by more 

than 10%, which gives reason to talk about the 

prospects of further development in the direc-

tion of work intensification process of trench-

ers. 
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Комплексная оценка эффективности работы 

породоразрушающего рабочего органа 

строительной машины 

 

Volodymyr Rashkivskyi, Oleksander Teteriatnyk, 

Olena Shandra 

 

Аннотация. В статье использованы подходы 

к сравнению породоразрушающих рабочих ор-

ганов на основе использования комплексных по-

казателей качества строительных машин, ис-

пользуемых на строительных площадках. 

Применение таких показателей обусловлено 

необходимостью постоянного усовершенство-

вания существующей техники и создания новой 

с учетом существующих потребностей. На сего-

дняшний день в Украине существует необходи-

мость эффективного выполнения строительных 

работ, связанных с прокладкой магистральных 

трубопроводов. Это в свою очередь ставит за-

дачу для определения эффективности выполне-

ния земляных механизированных работ при про-

кладке инженерных сетей. Комплексные харак-

теристики группируются по признакам. Первая 

группа включает классификационные показа-

тели, назначения, надежности, технологично-

сти, стандартизации и унификации, патентно-

правовые, эстетики, эргономики, безопасности. 

Вторая группа состоит из экономических харак-

теристик. Третья группа определяется показате-

лями конкурентоспособности. Показатели 4-й 

группы и выше оценивают основные группы 

подсистем машин или комплексов энергетиче-

ского и технологического назначений. 

Необходимость создания конкурентоспо-

собной землеройной техники обуславливает на 

проектном этапе использовать современные 

конструктивные решения, объективное сравне-

ние. В ходе исследования сравнительно земле-

ройные рабочие органы для прокладки инженер-

ных сетей типа конусная фреза и торцевой рабо-

чий орган в виде диска. Предложено сравнение 

номинального и колебательного режимов ра-

боты торцевого рабочего органа. Описаны кон-

структивные особенности рабочего органа типа 

"конусная фреза" и "торцевой рабочий орган". 

Результаты сведены в виде табличных данных. 

Предложенные технические решения откры-

вают возможности вариативного использования 

породоразрушающего рабочего оборудования 

строительных машин в соответствии с экономи-

ческими требованиями и потребностями конеч-

ного потребителя. Эффективность использова-

ния методов комплексной оценки технических 

решений заключается в возможности их анализа 

по отдельным показателям, в сочетании, а также 

при ранжировании значений отдельных показа-

телей в соответствии со значимостью. 

Ключевые слова: комплексный показатель, 

траншеекопатель, торцевой рабочий орган, до-

рожная фреза. 
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