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ANHAMUKA NMHEBMOTPUBOA.
LUK NEKUUA *

Kypc nexyuii «/Junamuka nHeemMonpusooa» NOCEsueH U3yueHu U aHaIu3y COBPEMEHHbIX NHeEMOCUCEM, KOMOpble UCROIb3YIOMCS Olisl YNPAGIeHUs.
MeXHON02UHECKUMU NPOYECCamu 6 NPOMbIUAEHHOCIU, obecheuusas pabouue pedjcumvl MAWUH, annapamos, yCmaHoeoK u npodux ycmpoicms. Kpome
Moo, Kypc pacnpoCmpaHsemcs i Ha YRpasusiouue CUcmemsl ¢ NHEBMONPUBOOOM Ol CUCIEM YNPAGNeHUs U Pe2yliupoSaHusl, 20e HazpysKa — mo
HecmayuoHaproe 6030elicmeue Ha npusood, 8 MOM HUCIe HECMAYUOHAPHBILL NOMOK JHcUOKocmu. B ocHose mMemooos uzyuenus OUHAMUKU NHEBMONPUEOOd,
DPACCMOMPEHHBIX 6 Kypce JeKYUll, 1eHCam NOIOACCHUs. MEXAHUKU MBePO020 Mend, MEXAHUKU HCUOKOCMU U 2d3d, Meopusl d6MOMAmuiecko2o YnpasneHus
U OUHAMUKU U Pe2yTuposanus 2uopo- u nueemocucmem. Ilpueooumes u onucano nocmpoenue u co30anue MameMamuyeckux mooenei u 06beKmHo-
OPUEHMUPOBAHHBIX KOMNLIOMEPHBIX MOOeel Cedse20 NHeGMONPUod.

Tax orce paccmompena 3a0aua 66100pa ONMUMATLHBIX NAPAMEMPOB NHEEMAMUYECKO20 NPUB0OA U NAPAMEMPOB Pe2yNAMOPA C UCROTb30BAHUEM XOPOUIO CeDsl
3aPEKOMEHO0BABUILX MEMOO0E8 ONMUMUZAYUL MEXHUYECKUX cucmem. JJaiomes pekomenoayul no 8bl60py Kpumepues OnmumanbHOCIU U 6b100PY Yenesbix (yHKYuL.

Kypc nexyuil ocnosan Ha onvime npoeKmMupo8aHus PeaibHblX YCMpOoUucme, paspabomanHbiX U SKCHEPUMEHMAIbHO NPOBEPEHHBIX ABIMOPOM, U BHEOPeH
6 Kauecmee yueOH020 MAMepudna Kypca «JUHamMuka nHeemMonpugooay, uumaemo2o asmopom ¢ MI'TY um. H. D. baymana na xagedpe «l uopomexanuxa,
Tuopomawuner u I'uoponnesmoasmomamura» (210), 6 pamxax nodeomosku macucmpos no cneyuarshocmu 05.04.13 «ludpasnuueckue mawiumnsl
U 2UOpONHeeMoazpe2amuvl», d MAKice Modlcem Obimb PEeKOMEHOO8AH U UCHONb308AH NPU NOO20MOBKE CReYUWIUCO8 NO CMENCHLIM CReYUdlbHOCHAM
U paspabomyuKos, 3aHUMAOWUXCS NPOEKMUPOBAHUEM CLeOAUUX NHEEMAMUYECKUX YCIMPOUCTS.

K. A. Trukhanov (Bauman Moscow State Technical University, Moscow, Russia)

DYNAMICS OF PNEUMATIC DRIVE.
LECTURE CYCLE

The course of lectures “Dynamics of pneumatic drive” is devoted to the study and analysis of modern pneumatic systems that are used to control technological
processes in industry, providing operating modes of machines, apparatuses, installations and other devices. In addition, the course also applies to pneumatic control
systems for control and regulation systems, where the load is a non-stationary effect on the drive, including a non-stationary fluid flow. The methods of studying
the dynamics of the pneumatic actuator, considered in the course of lectures, are based on the positions of solid mechanics, fluid mechanics and gas, the theory
of automatic control and dynamics and regulation of hydro and pneumatic systems. The construction and creation of mathematical models and object-oriented
computer models of a servo pneumatic actuator are presented and described. Unlike the existing models, they are constructed in the form of block diagrams
of equations describing the relationships between the initial physical quantities, and having the principle of modularity. Mathematical models of the pneumatic
actuator take into account the nature of the friction force in the moving parts of the actuator. The influence of the adopted friction model on the stability
of the transients’ processes of the servo pneumatic actuator is evaluated. The developed method of identification of the transfer function of pneumatic devices
is presented, which allows determining the dynamic indicators of their quality. The substantiation of the method of linearization of nonlinear equations of motion
of a pneumatic device is also given in order to use the apparatus of frequency research methods.

The course of lectures provides an overview of existing air preparation units as the most important component of any pneumatic system, as well as including
one of the key components — a pressure reducing valve — a system for regulating and maintaining the set pressure level in pneumatic systems. The method of designing
a pressure reducing valve and the method of selecting its optimal parameters are given. The issues of static calculations of components of pneumatic systems
are consistently presented. The main design schemes of the servo pneumatic actuator are given, taking into account the proportional pneumatic distributor.

Special and great attention in the course of lectures is paid to the issues of non-stationary flow and methods of its calculation, both in the pneumatic
lines themselves connecting the actuator and the control device, and in the load line, which represents a hydraulic line, the flow of flow in which
is controlled by a servo pneumatic actuator. A method for determining the nonstationary coefficient of friction along the length is given, taking into account
the experimentally determined rheological properties of the liquids used, both Newtonian and non-Newtonian. The issues of phase transition in gas-liquid
mixtures are also considered. The possibility of cavitation and hydrate formation in a drive and drive control elements is evaluated.

A separate lecture of the course studies the problem of choosing the optimal parameters of the pneumatic drive and the parameters of the regulator,
using well-proven methods of optimizing technical systems. Recommendations are given on the choice of optimality criteria and the choice of objective functions.

The course of lectures is based on real devices developed and experimentally tested by the author, and introduced as a teaching material of the course
“Dynamics of pneumatic drive”, read by the author at the Bauman Moscow State Technical University at the Department of “Hydromechanics, Hydraulic Machines
and Hydropneumoautomatics” (E10), as part of the preparation of masters in the specialty 05.04.13 — Hydraulic machines and hydropneumatics drives,
and can also be recommended and used in the training of specialists in related specialties and developers involved in the design of servo pneumatic devices.

*Hauano cm. ¢ CHIK 4 2022e.
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