Computer Aided Design of Pneumatic Driving Systems

In the Division of Control Systems computer aided design system of pneumatic driving systems has been

developed. The system works in the M SWindows environment:
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A new algorithm of designing pneumatic systems fitted for needs and requirements of CAD has been
proposed. Introduced approach enables optimisation of complex system.

A module of calculations and selection of elements from a catal ogue has been programmed:

algorithms of calculations and selection proposed by manufacturers of devices have been
implemented;

a possibility of results comparison obtained with the use of different algorithms has been

ensured,;

a system sorting results of selections, that allows a designer to undertake optimal decisions, has
been worked out;

a module collaboration with MatLab Simulink environment has been ensured, what allows to
evaluate actuator motion time;

apossibility of system collaboration with AutoCAD has been tested, creating parametric library
of elements.

A set of programmes aiding in design of functional structure of pneumatic system has been worked
out. A software supporting creation of control programmes for PLC (Programmable Logic
Controller) has been also created.

Two new selection algorithms of control valve have been proposed. They alow to use traditional
calculation algorithms and selection of valves described in a catalogue by flow parameters
compatible with standards.

Computer models of pneumatic drive have been worked out and experimentally verified:

mathematical models used in analysis of pneumatic drive have been collected,

multi—variant computer models of pneumatic drive have been programmed (in MatLab
Simulink and Borland Delphi environment), they take into account characteristics of
programming environment and pneumatic drive,

an experimental verification of computer models used for generation of learning data has been
carried out.

Artificial neural networks (ANN) have been worked out, for:

counting over a sonic conductance C and a critical ratio of static pressures b to a flow
coefficient m

calculations and selection of control valves from the catalogue,

evaluation of motion time and maximal velocity value of pneumatic actuator,

drive optimisation.

Experiences concerning application of ANN to solve technical problems have been acquired:

a modification of learning algorithm by change of optimisation criterion. In technical problems
it is often important to keep an relative error at a constant level. It befals, that artificial neural
networks learning algorithm forces them to produce a small mean square error, but cases with
considerable discrepancy between computed and real values are present. In this case it seems
advisableto use arelative error asacriterion.

an adequate rescaling of output variable valuesin learning set with the purpose of “deceiving”
the learning algorithm, and through that to decrease the relative error of obtained results,

course approximation of a single dynamic object is far more easier that identification of the
object’s single instance in a class. That indicates how precise and thoughtful the tests of the
obtained model have to be, in order to talk about achieving a success,

an analysis of an artificial neural network learning course can indicate whether learning set is
“correct”. A rapid drop of error value and after that its establishment on relatively high level



irrespectively of changes in network structure, can indicate that there are gross errors in the
learning set,

formulating a task for a network one has to answer a question if there are any other aternative
solutions (for instance if it is possible to solve the problem using any agorithm) and what
advantages over these solutions gives us ANN.

A usage of artificial neural networks in aided design is not widespread yet, and it can provide an impulse to
development of CAD systems. In many centres in the world intensive research are carried out. Most of the work
apply to recognition of images, speech and searching similarity between technical objects. There is not much
work done in afield of aided engineering computations. In some centres research in the field of aided design of
hydraulic systems are carried out. Our research in the field of pneumatic drives can be considered (under the
literature studies) as pioneer. t seems that continuation of development work in that field is purposeful.
Particularly advisable we see:
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Verification of the conclusions concerning the use of ANN in solving technical problems on another
examples. This will allow to generalize conclusionsand to define guidelines for the future designers
— neural networks users.

Development of commercial versions of artificial neural networks and attempt to implement them
into pneumatic drives market.

Experimental and simulation study of energy-saving systems. These works should result with an
optimisation procedure that enables selection of structure and elements of the system.

Modification and development of the existing computer CAD system for pneumatic systems.
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