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ДДИИННААММИИККАА  ППННЕЕВВММООППРРИИВВООДДАА..    
ЦЦИИККЛЛ  ЛЛЕЕККЦЦИИЙЙ  **  

 

Курс лекций «Динамика пневмопривода» посвящен изучению и анализу современных пневмосистем, которые используются для управления
технологическими процессами в промышленности, обеспечивая рабочие режимы машин, аппаратов, установок и прочих устройств. Кроме
того, курс распространяется и на управляющие системы с пневмоприводом для систем управления и регулирования, где нагрузка – это
нестационарное воздействие на привод, в том числе нестационарный поток жидкости. В основе методов изучения динамики пневмопривода,
рассмотренных в курсе лекций, лежат положения механики твердого тела, механики жидкости и газа, теория автоматического управления
и динамики и регулирования гидро- и пневмосистем. Приводится и описано построение и создание математических моделей и объектно-
ориентированных компьютерных моделей следящего пневмопривода. 

Так же рассмотрена задача выбора оптимальных параметров пневматического привода и параметров регулятора с использованием хорошо себя
зарекомендовавших методов оптимизации технических систем. Даются рекомендации по выбору критериев оптимальности и выбору целевых функций.

Курс лекций основан на опыте проектирования реальных устройств, разработанных и экспериментально проверенных автором, и внедрен
в качестве учебного материала курса «Динамика пневмопривода», читаемого автором в МГТУ им. Н. Э. Баумана на кафедре «Гидромеханика,
Гидромашины и Гидропневмоавтоматика» (Э10), в рамках подготовки магистров по специальности 05.04.13 «Гидравлические машины
и гидропневмоагрегаты», а также может быть рекомендован и использован при подготовке специалистов по смежным специальностям
и разработчиков, занимающихся проектированием следящих пневматических устройств.  

 

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

DDYYNNAAMMIICCSS  OOFF  PPNNEEUUMMAATTIICC  DDRRIIVVEE..    
LLEECCTTUURREE  CCYYCCLLEE  

 

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. 

 
*Начало см. в СИЖ 4 2022г. 
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