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Abstract- In this proposal, authors propose as main objectives to model the theoretical and Mathematical system and 
specifically the stochastic processes of the dynamical system working body machine. In fact, the use of optimal and 
quasi-optimal algorithms for recursive estimation of kinematic and dynamic parameters of the actuators working is original. 
There are given how that will study the kinematic and dynamic parameters of multi-actuators working of machines and how 
that will develop the optimal filtering techniques of random perturbations. This article is interesting and it contains some 
scientific novelties and significance.  It concerns with the mathematical modeling of the geometrical, kinematic and dynamic 
parameters of the interactions of earthmoving and mining achiness with the environment (soil, rocs, etc) during their 
operations for taking consistent design decisions at earlier stages of their development, when several possibilities arise. Thus, 
the work has the potentially to achieve novel remarkable scientific results which could lead to much more cost-effective design 
of earthmoving and mining machines. 
 
Index Terms- dynamic parameters of multi-actuators working of machines, mathematical modeling of the geometrical, 
kinematic and dynamic parameters of the interactions of earthmoving and mining achiness, Mathematical system and 
specifically the stochastic processes of the dynamical system working body machine.  
 
I. INTRODUCTION 
 
The modern level of development of earth-moving and 
construction machines (EMCM) is characterized by 
using a variety of complex, interrelated executive 
mechanisms (EM), operating part (OP),  units and 
parts. It is known that the complication of the products' 
structure reduces its reliability. It is therefore 
necessary to take special measures to address this 
shortcoming. The difficulty of ensuring the required 
level of reliability is compounded by heavy operating 
modes of EMCM. Ensuring uptime of EMCM in 
practice and increasing the duration of it's operation is 
the actual problem now. At the beginning of the 
twenty-first century the scale of the use of EMCM 
dramatically increases. This fact is due to the fact that 
EMCM are increasingly exploited in the development 
of placer deposits of minerals in many mining 
countries: USA, Canada, China, Russia, Australia, 
New Zealand, Brazil, Chile, Venezuela etc. Annually 
in all these countries a large mass of various 
non-ferrous, rare metals, gold and precious stones 
such as diamonds, etc is extracted from placer deposits 
of minerals; according to the data given in the 
Mountain Encyclopedia the weight of some of them is 
presented in the Table 1. Today a peat is the main 
source of solid fuel as well as coal, used in the 
operation of thermal power plants. In most countries, 
such as Canada, Finland, Denmark, Belgium, Holland, 
Germany, Poland and others., the magnitude of the 
volume of its use is crucial. According to the Mountain 
Encyclopedia the total area of peat deposits worldwide 

reaches 176 million hectares. At the same time the 
world reserves of peat are estimated at 500 billion 
tons. 
Kazakhstan is at a new stage of development, which is 
accompanied by a sharp increase of volumes in the 
construction of transport roads (rail, road, etc.), 
airports, etc. At the same time the volume of land 
reclamation, construction of communications and 
industrial - civilian targets will sharply increase. All 
this will increase the volume of excavation, mining of 
construction materials, trenching for communications, 
including oil and gas pipelines, water pipelines, etc., 
and this will require increasing of flexibility of 
produced lifting, earthmoving and mining machines, 
which confirms the relevance of this research. 
Improving the efficiency of EM OP EMCM is mainly 
achieved using methods that reduce the resistance 
force in the destruction of the soil. The effect of the 
reducing the resistance force in the destruction of the 
soil is achieved mainly through the use of techniques 
that facilitate the introduction of the tool into the 
ground and the subsequent separation of part of it, and 
move through the conveying surface of EM OP 
EMCM. One of the most common methods of 
providing the intensification of work processes of 
EMCM is to rationalize the design of dozer blade. 
Methods of this area causes the increase of 
productivity through the more efficient introduction of 
tool in the soil and reducing the resistance force of 
destruction of portion of the array of soil. Recently, 
EM OP EMCM, adaptable to different soil conditions 
by adjusting the angles of cutting and a change of 
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length and width of EM OP of dozer blade, adjustment 
of capacity of dozer blade, equipping with a variety of 
cutting tools, teeth, etc are produced. 
An important reserve for developing of EM OP 
EMCM is the use of adaptive EM OP, which have 
great functionality, including the adaptation to the 
kinds of jobs and conditions of the environment that is 
developed. During 20 years the analytical review of 
modern trends of development in the field of EM OP 
EMCM  has shown the need to create an adaptive 
multipurpose EM OP EMCM . 
 
Table I. Data of mining metals and precious stones in 
developing of placer deposits. 

 
 
The existing designs of dozer blade manufactured in 
different countries around the world 
 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 1 a) dozer Caterpillar (USA) , b) dozer Komatsu (Japan), c) 
dozer(Germany), d) dozer(Russia, BelaRus). 

 
The idea of using adaptive mechanisms as EM OP 
EMCM provides the further development of the theory 
taking into account of implementation of the principle 
of adaptation to different types of work and properties 
of the environment that is the subject of research 
which is presented in this article. The development of 
a common theoretical framework and normative 
documents for EM OP EMCM in order to unify their 
design and create of multi-purpose, adapting to the 
conditions of the developed environment OP and 
manipulators without feedback on the basis of 
adaptive mechanisms is an urgent problem.  
In this regard, there is need for development: 1)  of 
general model of adaptive multi-purpose EM OP of 
dozer blade on the basis of the theory of calculation of 
operation of adaptive EM OP of  dozer blade and the 
development of methods for the synthesis of adaptive 
multifunctional mechanisms which allow to 
systematize all existing designs of EM OP of dozer 
blade, regardless of their physical nature and for 
development the mathematical model to ensure the 
creation of new EM OP of dozer blade; 2) of the 
mathematical model of the stochastic system of the 
dynamic process of interaction EM OP of dozer blade 
- the "external environment" (developed ground), and 
the algorithm of its implementation. The article deals 
with the solution of the first problem. 
 
II. MAIN PART 
 
We propose a new scheme of the executive 
mechanism of suspension of operating part of dozer. 
The technical effect is achieved by the fact that the 
bottom edge of the blade is attached firmly by 
quick-detachable laminated wedge-shaped cutting 
blade (Fig. 1,2), the transverse axis of the lower base 
of which is placed horizontal and parallel to the upper 
outer surface of the erodible soil, at the same time  the 
destruction of the soil with the dozer blade with the 
removable blade is carried by dozer's equipment 
through applying to it the forces causing deformation 
of the ground by breaking and cutting, optimum 
position of the dozer blade with removable blade, 
determined by the angle of mounting of dozer blade 
with a removable blade, depending on the geometric 
and kinematic parameters of the control executive 
mechanism of dozer blade with removable blade 
without feedback and design parameters of blade with 
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removable blade, at the same time the adjustable angle 
of mounting of blade with removable blade is 
determined according to the formula: 

ω = α + β ,    (1) 
where ω - variable (managed) angle of mounting of 
dozer blade with removable blade between the straight 
line joining the upper and lower edges of dozer blade, 
and the horizontal line of the transverse axis of the 
basis of rigidly mounted removable blade of dozer 
blade  in the destruction of a horizontal portion of the 
array of soil, deg., 
α- variable angle between the line of longitudinal axis 
of the push rod and the line joining hinges of mounting 
of lower push rod to the dozer blade, and  the hinges of 
mounting of the brace to the dozer blade, depending on 
the geometric and kinematic parameters of the 
executive mechanism, as well as the design parameters 
of the blade, i.eα = f(φ,ψ, δ, r, R, L, l)   and that is 
being defined by the formula: 

α = arccos − + cos(φ− ψ)− δ) , 
(2) 

where δ - a permanent constructive angle between the 
line, which is a continuation of the longitudinal axis of 
the push rod and the line of the longitudinal axis of the 
bracket, deg. 
φ - angle between the longitudinal axises of the push 
rod and bracket, deg .; 
ψ  - angle between the line joining the hinges of 
mounting of bracket, and the line joining the hinges of 
mounting of  brace, deg; 
L- length of the bracket between the push rod and the 
brace, m; 
l- distance between the hinges of mounting of the push 
rod and the brace to the dozer blade, m; 
r- length of the push rod between the hinges attaching 
it to the blade and hinges attaching it to the bracket, m; 
R  - the length of the brace between the hinges 
attaching it to the dozer blade and hinges attaching it to 
the bracket, m, 
β   - permanent constructive angle between the 
straight line joining the upper and lower outer edges of 
the blade, and the line joining the hinges of mounting 
of the push rod and the brace to the dozer blade, deg. 
The maximum thickness of the layer (shavings) of the 
erodible horizontal portion of the array of soil by the 
dozer blade with removable blade is determined by 
formula [1]: 

H = ∫ P(ω)dω = 1∞
∞ ,  (3) 

where H  - maximum thickness of the layer 
(shavings) of erodible soil by the blade with a rigidly 
mounted removable blade, depending on the angle of 
the mounting of dozer blade with removable blade  ω 
and parameters of executive mechanism of operating 
part of dozer, m; 
P(ω) - the probability of the formation of the optimal 
thickness of the layer (shavings) of erodible soil by the 
blade with removable blade [2]. 
The choice of structural, kinematic and dynamic 
parameters of EM of dozer blade with a removable 

blade  is made on the basis of the implementation of 
principle of  its adaptation to the force of the 
destruction of soil to ensure its optimal thickness of 
the layer (shavings), that significantly reduces the 
dynamic loads on the blade with removable blade, 
providing a reduction in energy consumption, the 
degree of deformation and  probability of failure of 
working equipment, thereby its reliability increases  
and allows the dozer equipment to develop strong soils 
with a significant increase of productivity of dozer, 
reducing the cost of the destruction of the soil, 
improving the ecology of the environment by reducing 
the degree of dust and aerogenesis and simplifying the 
design of EM due to the possibility of providing 
optimum thickness layer (shavings) of erodible soil 
without feedback in system of management of work 
equipment of dozer, which is conditioned by  using of  
functionality of EM of dozer blade with removable 
blade [1]-[ 8] . 
We have done a kinematic and dynamic analysis of 
developed EM PO of dozer blade taking into account 
the maximum force of resistance of soil to the cutting 
of I-IY fortress category. The calculation results are 
shown in [6]. 
 
III. GENERAL SUMMARY AND 
CONCLUSIONS 
 
Investigations are dedicated to the problem of 
improving of EM OP EMCM on the basis of formation 
of the generalized model of the adaptive 
multifunctional EM OP, to the choice and 
determination of structural, kinematic parameters to 
ensure optimal modes of the working process taking 
into account the properties and characteristics of the 
developed environment and weights. The integrated 
approach to the research of the interconnected system 
"operating part - developed environment" allowed to 
create the new scientific direction of creating 
economically effective, competive, ensuring 
operational reliability of EM OP EMCM, to develop a 
general model of adaptable to the conditions of the 
developed environment of EM OP of dozer blade, 
protected by patents of RK (2015 ).  
These research results represent a further development 
and generalization of the known theoretical research 
aimed at improving the operational reliability of EM 
OP EMCM on the basis of modern achievements of 
science and practice, the implementation of which 
contributes significantly to the acceleration of 
scientific and technical progress in the construction, 
road and mining mechanical engineering. 
We created generalized mathematical model of EM 
OP of dozer blade and changing its kinematic and 
force parameters taking into account the adaptation of 
operating parts to the destructible environment. The 
mathematical model of stochastic processes of 
dynamic control systems of EM OP of dozer blade was 
developed at early design stage. On the basis of the 
developed method the results of experimental research 
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were "filtered" by the strength of resistance of soil to 
the cutting. 
The structural-kinematic, power and dynamic methods 
of determining the parameters of multifunctional EM 
OP of dozer blade taking into account adaptation to the 
properties of the developed environment were 
developed and proved. 
Methods of justification and  choice of structural, 
dimensional and operational parameters of adaptive 
EM OP of dozer blade taking into account the 
principle of the implementation of the adaptation to 
the conditions of developed environment were 
developed . These techniques are the basis for the 
creation of fundamentally new patentable adaptive 
EM OP of dozer blade. 
The complex of programs of structural and kinematic 
synthesis and analysis, kinetostatic and strength 
calculation of parameters of EM OP of dozer blade  
was developed as well as various variants of EM OP of 
dozer blade, which allowed  to determine parameters 
of EM and optimize designs were created. 
The new technical solutions of EM OP of dozer blade, 
confirmed by patents and provisional patents of NPO 
Kazakhstan and certificates that were tested 
experimentally and provide optimum operating 
conditions taking into account the properties and 
characteristics of the developed environment and 
weights were created. 
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