
Управление техническими объектами  51

4, 2018 СИСТЕМНЫЙ АНАЛИЗ И ПРИКЛАДНАЯ ИНФОРМАТИКА

УДК 65.011.56: 378.1

A.V. PUZANOV

TRANSDISCIPLINARY MODELS OF HYDRAULIC DRIVES  
OF MOBILE MACHINERY

JSC «Special Design Bureau of Instrument Making and Automation»

Modern drive engineering requires a comprehensive analysis of all work processes in hydraulic drives, solving the 
problems of modeling the technological processes of their production using mathematical and software tools of various 
physicality.

The article proposes an approach  to  the development of hydrodrives of mobile equipment based on  transdisci-
plinary models of instruments and control systems. These models are designed to unite in a single information space a 
methodical and mathematical apparatus of various physicality: mechanics, kinematic, hydromechanics, heat engineer-
ing, and methods for their solution. These measures will increase their adequacy, reduce assumptions and reduce the 
safety factor as a measure of imperfection of the scientific and technical understanding of the facility.

The article gives an example of the use of this approach in the development of volumetric hydraulic drives of mo-
bile equipment - a technique for calculating the indicator diagram of an axial-plunger hydraulic machine at a micro 
level using the Matlab / Simulink, Autodesk Simulation CFD and Autodesk Simulation Mechanical software complexes. 
The indicator diagram of the hydraulic machine is a clear characteristic of the dynamic qualities of the product. From 
the correctness of the calculation of this characteristic, the dynamic properties, reliability and resource of the drive as 
a whole depend.
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The creation of new generations of hydraulic 
drives requires an increase in the scientific and 
technical level of design and production. Increas
ing the technical and operational characteristics of 
hydraulic drives dictate the need to implement 
new development principles with a deeper theo
retical analysis of its operating principles.

The actual direction of development of modern 
production is based on multidisciplinary, multi
level and multistage research based on inter, multi 
and transdisciplinary computer technology [1].

Transdisciplinarity – a way to expand the sci
entific worldview, which consists in the consider
ation of a phenomenon outside the framework of 
any single scientific discipline. In this context, 
transdisciplinarity is treated as a metamethodolo
gy, since it accepts as the object different methods 
of different disciplines for their transformation [2].

In relation to the development of the hydrau
lic actuators are realized by two main approaches: 
modeling at the macro and microlevel.

At the macrolevel, will use the discretization 
of space on a functional basis, which leads to the 
representation of models at this level in the form 
of systems of ordinary differential equations. In 

these equations the independent variable is time 
and the dependent variables constitute the vector 
of phase variables characterizing the state of the 
integrated elements of the sampled space. Such 
variables are force and velocity in mechanical 
systems, the voltage and current in electrical sys
tems, pressure and flow of liquid and gas in hy
draulic and pneumatic systems, etc. The system of 
ordinary differential equations are universal mod
els at the macrolevel that is appropriate for ana
lyzing both dynamic and steadystate objects.

Feature modeling at the microlevel is a reflec
tion of the physical processes occurring in contin
uous space and time. The models at the microlevel 
are differential equations in partial derivatives. They 
independent variables are the spatial coordinates 
and time. Using these equations, mechanical stres
ses and deformations, pressure and temperature, etc.

Modeling at the microlevel problems of heat 
conduction and stressstrain state of the products 
is implemented through the finite element analy
sis for. For modeling of problems of dynamics of 
liquid and gas, fluid mechanics and heat and mass 
transfer uses finitedifference and finitevolume 
solution methods.
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To ensure the concept of the product life cy
cle model of the hydraulic actuators should re
flect not only current status but also the changes 
in process operation and design (climatic) perfor
mance.

Thus, for a comprehensive analysis of all work 
processes in hydraulic drives, as well as solving 
problems of modeling technological and produc
tion processes, it is necessary to perform an anal
ysis of problems of different physicality by vari
ous mathematical and software tools. The author 
proposes the development and use of transdisci
plinary models of hydraulic drive and its elements. 
These models are designed to unite in a single in
formation space a mathematical apparatus of a dif
ferent physical nature: mechanics, kinematics, hy
dromechanics, heat engineering, levels and meth
ods of solution. These models will reduce assump
tions and reduce the safety factor as a measure of 
the imperfection of the scientific and technical 
understanding of the facility.

Structural elaboration of the product is carried 
out on schematic level. At this stage, actively ap
ply software tools for simulation and analysis of 
circuit decisions on the macrolevel (Matlab/Sim
ulink or other similar, for example, SciLab/Sci
Cos). These programs reflect the characteristics of 
the whole system and use the description of the 
test facility and get the results in a familiar user 
graph form.

As an example of the macrolevelmodel, in 
figure 1 present the model and result of calcula
tion of the indicator diagram of the hydraulic ma
chine.

The indicator chart shows the pressure change 
in the cylinder during the movement of the piston 
from the suction cavity – into the injection cavity 
and back. This dependence is a clear characteris

tic of the dynamic qualities of the product. From 
the correctness of the calculation of this charac
teristic, the dynamic properties, reliability and re
source of the drive as a whole depend. The kine
matics and hydromechanics of the hydraulic ma
chine, the properties of the working fluid and the 
performance characteristics are used as model pa
rameters.

The macromodels is usually performed opti
mization of the system as a whole, traced the mu
tual influence of system components.

The disadvantages of macrolevel models are 
inherent in analytical and imitative approaches.

The next stage in the development of the 
product is a detailed study of its mechanisms and 
components. The initial data for this stage are the 
results of modeling at the macrolevel. The range 
of problems solved: kinematics, strength, fluid 
dynamics, electromagnetism, heatmass transfer, 
etc., as well as their combination.

The task of calculating the indicator diagram 
at the microlevel, taking into account the geomet
ric features and properties of materials, is solved 
by means of a complex of programs, including the 
tools CAD, CFD and CAE.

Adaptive CAD model is required to generate 
the original geometry and its changes based on 
simulation results, as well as for subsequent CAM 
preparation and production [3].

As a result of CFD modeling, the following 
results were obtained. Figures 2...4 show the dis
tribution of pressure of the working fluid along 
the channels and gaps of the running part of the 
hydraulic machine with the flow velocity vectors, 
as well as the stresses in the structural elements of 
the running gear of the hydraulic machine caused 
by the action of the liquid, the mechanical part 
and the temperature effects. 

Figure 1. Model and result of calculating the indicator diagram of the hydraulic machine
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Based on the generalization of the results pre
sented in figures 2...4, we obtain the graph of the 
indicator diagram (figure 5) of one of the variants 
of the design of the distribution node (as an exam
ple of the effect of design features on the form of 
the graph) [4].

The figure reflects the effect of microlevel 
parametersthe design features and properties of 
the working fluid, its gas saturation and pollution.

On the graph of the indicator diagram, posi
tive results of the design work of the distribution 
center are seen: the smoothness of the line of en
try into the zone of injection.

The oscillatory process at the beginning of the 
injection zone reflects the content of dissolved gas 
in the working fluid and the selfstabilization of 
the hydrostatic support of the plunger.

Analysis of the results presented in Figure 5 
shows that the pressure drop and the transient pro
cess have a negative impact on the dynamics of 
the hydraulic drive, especially for mobile equip
ment.

Conclusion
The transdisciplinary approach allows for a li

mited number of objects to conduct their compre

Figure 2. Vector field of flow rates of working fluid in the channels and gaps of the undercarriage of the hydraulic machine

Figure 3. Field of working fluid pressure in the cavities and channels of the hydraulic machine

Figure 4  Stresses of structural elements of the undercarriage of the hydraulic machine from the hydromechanical action 
of the working fluid
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hensive analysis, to study the properties of the tar-
get object more deeply and in detail, and to ex-
plore the mutual influence of the system and de-
sign parameters of the product and the parameters 
of the external environment.

The proposed approach to the development of 
hydraulic drives of mobile equipment allows to 
increase the adequacy of design models, reduce 
assumptions and increase the reliability of both 
hydraulic drive and mobile equipment.

Figure 5. Indicator diagram of the axial-plunger hydraulic machine
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ТРАНСДИСЦИПЛИНАРНЫЕ МОДЕЛИ ГИДРОПРИВОДОВ  
МОБИЛЬНОЙ ТЕХНИКИ

Современное	приводостроение	требует	проведения	комплексного	анализа	всех	рабочих	процессов	в	гидроприво-
дах,	решения	задач	моделирования	технологических	процессов	их	производства	с	использованием	математических	 
и	программных	средств	различной	физической	природы.	
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В статье предложен подход к разработке гидроприводов мобильной техники на основе трансдисциплинарных 
моделей приборов и систем управления. Эти модели призваны объединить в едином информационном пространстве 
методический  и математический  аппарат  различной физической  природы: механику,  кинематику,  гидромеханику, 
теплотехники, а также методы их решения. Эти мероприятия позволят увеличить их адекватность, сократить 
допущения и снизить коэффициент запаса как меру несовершенства научно-технического представления об объек-
те.

Увеличение мощности гидроприводов определяет повышение точности методик расчета при проектировании 
их элементов и систем на их основе. Наглядной характеристикой динамических качеств изделия является индика-
торная диаграмма гидромашины. От корректности расчета этой характеристики зависят динамические свойства, 
надежность и ресурс привода в целом.

В статье приведен пример использования данного подхода при разработке объемных гидроприводов мобильной 
техники – методика расчета индикаторной диаграммы аксиально-плунжерной гидромашины на микроуровне с ис-
пользованием программных комплексов Matlab / Simulink, Autodesk Simulation CFD и Autodesk Simulation Mechanical.

Представлены результаты моделирования индикаторной диаграммы гидромашины на макро- и микроуровнях, в 
том числе поле давления и векторов скорости потока рабочей жидкости в каналах проточной части гидромашины и 
напряжения в конструкции элементов ходовой части гидромашины. Выполнена верификация результатов моделиро-
вания макро- и микромоделей.
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