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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.

Keywords: transdisciplinarity; multiphysical analysis; CAD; CAE.

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 meta-methodolo-
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 steady-state 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 stress-strain 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 finite-difference and finite-volume
solution methods.
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Figure 1. Model and result of calculating the indicator diagram of the hydraulic machine

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 macrolevel-model, 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, heat-mass 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.
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(1) Velocity Magnitude - m/s
0.989687

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

(5) Static Pressure - MPa
45.0626
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Stress
von Mises
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8702424
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483,488
386.7794
280,0808
1933872
96.69362
2.382306e-005

Figure 4 - Stresses of structural elements of the undercarriage of the hydraulic machine from the hydro-mechanical action
of the working fluid

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 micro-level
parameters-the 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 self-stabilization 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-
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Figure 5. Indicator diagram of the axial-plunger hydraulic machine

hensive analysis, to study the properties of the tar- The proposed approach to the development of
get object more deeply and in detail, and to ex- hydraulic drives of mobile equipment allows to
plore the mutual influence of the system and de- increase the adequacy of design models, reduce
sign parameters of the product and the parameters  assumptions and increase the reliability of both
of the external environment. hydraulic drive and mobile equipment.
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TPAHCAUCUUNAUHAPHBIE MOAEAU TUAPONPUBOAOB
MOBUAbHON TEXHUKU

Cospementnoe npusooocmpoenue mpedyem npogedeHus KOMNIEKCHO20 aHANU3A 8CeX PAOOUUX NPOYECCO8 8 2UOPONPUBO-
0ax, pewenus 3a0a4 MOOeIUPOSAHUS MEXHOIOSUYECKUX NPOYECCO8 UX NPOUBOOCMBA C UCNONb308AHUEM MAMEMAMUYECKUX
U NPOSPAMMHBIX CPEOCME PA3IUUHOU PUSUYECKOU NPUPOOBI.
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B cmamuve npeonoscen nooxoo x paspabomke 2udponpusoo008 MoOUNbHOU MEXHUKU HA OCHO8E MPAHCOUCYUNTUHADHBIX
Modenetl npubopos u cucmem ynpasienus. Imu MoOenu nPu38ansl 00beOUHUMb 8 OUHOM UHDOPMAYUOHHOM NPOCMPAHCMEE
Memooudeckul U MameMamuyecKull annapam pasiuyHol u3u4eckoll npupoobl. MEXAHUKY, KUHEMAMUKY, 2UOPOMEXAHUKY,
MenIomexHuKu, a maxxce Memoosbl UX pewteHus. Imu Meponpusmus no36oam Yeeiuuunms ux d0ekeamHocmy, COKpAmunb
0OnyueHUs U CHU3UMb KOIPPUYUenm 3anaca KaxK mepy HecO8epuleHCmed HayuHO-MeXHUecko2o npeocmasierus 06 00vex-
me.

Veenuuenue mownocmu 2udponpueo0os onpeoensiem nosvluieHue MOYHOCHU MEMOOUK pAciema npu npoeKmuposanuu
UX 2NeMEeHmos U cucmem Ha ux ocHoge. Haensionoi xapakmepucmukot OUHAMUYECKUX KAYeCm8 U30enus AGIAemcs UHOUKA-
mophas ouazpamma sudpomawiunsl. Om KoppekmHocmu paciema motl Xapakmepucmuky 3a6Ucam OUHamu4eckue ceolcmed,
HAOEHCHOCb U Pecypc npusood 6 Yenom.

B cmamve npuseden npumep ucnonvzosanus 0anno2o nooxooa npu paspabomke 00beMHbIX SUOPONPUBOOOE MOOUTILHOU
MEXHUKU — MEeMOOUKA pACYema UHOUKAMOPHOU OUASPAMMbL AKCUATLHO-NIYHIHCEPHOU SUOPOMAULUHBL HA MUKPOYPOBHE C UC-
nonv3osanuem npocpammibix komniexcoe Matlab / Simulink, Autodesk Simulation CFD u Autodesk Simulation Mechanical.

IIpedcmasnensl pe3yibmamsl MOOEIUPOSAHUL UHOUKAMOPHOU OUASPAMMbL UOPOMAUUUHBL HA MAKPO- U MUKPOYPOBHAX, 6
MoM quciie none 0deieHus U 6eKMopos CKOPOCHU NONMOKA pabodel HCUOKOCMU 8 KAHANAX NPOMOYHOU 4aACmu SUOPOMAULUHBL U
HANPANCEHUs 8 KOHCIMPYKYUU DIeMEHIN08 XO0080U 4dCmu 2uOpoMauutbl. Boinonnena eepuguxayus pe3yibmamos mooenupo-
8aHUA MAKPO- U MUKPOMOOeTell.

Knruesvle cnosa: mpancoucyuniunaprocms, myivmuoucyuniurnaproii anamus; CAD; CAE.
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