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This study is about how to elaborate and analyse complete pneumatic system, using a
systematic method that allows in an easy and clean way to create the circuit with the logic
components, moreover it includes components to guarantee the stability and the rely of a real
application. System that has been shown in this article is used as an example of the electro-
pneumatic system being controlled by the controller based on microcontroller PIC 16877
with external peripherals [4].

1. INTRODUCTION

The pneumatic energy, together with hydraulic and electric, are the three most used kinds
of energy for industrial automation. On an automation system one can find three families of
components which are sensors, controllers and actuators, that can be joined together and allow
to make all kinds of movements and sequences. An adequate technique is needed to project
the logic circuit to integrate all the necessary components and realise the sequence of
movements properly.

For a simple direct sequence of movement an intuitive method can be used [1], but for
indirect or more complex sequence the intuition can generate a very complicated circuit and
signal mistakes. It is necessary than to use another method that can save time of the project,
make a clean circuit and can eliminate occasional signal overlapping and redundant circuits.

The present method is called step by step or algorithmic and it was used as a base in this
work to design the circuit of a system with actuators that have various kinds of movement and
can be used in most common applications.

* This work has been conducted as a part of the research project No. 5 TO7C 02923 supported by
the Committee of Scientific Research in years 2002-2005.
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2. DESIGNING THE SYSTEM

It is very important to remember that this article does not take into account the
calculation of the size of actuators or the tabulation of the circuit, or even other things as
the pressure used, air treatment, flowing, compressor or the integration with one
“machine”. It applies to design and execution the logic circuit based on the movement
sequence that is required.

For the correct operation of the system, the designer must pay attention in all the
characteristics using the requirements of each specific application and international
rules [3].

The step of the sequence is defined as the change of the state of the actuators of the
system, but only when is generated by changing of a line supply (pneumatic) or the
change of the supply to other relay (electropneumatic). Movements that must start
together are in the same step. It will be possible to see on the example how other kinds
of movement of actuators can be made in one step.

The process consists of the design of systems based on small circuits made for each
step. The first part is to design those kinds of generic circuits for each step. The next
task is to link the small circuits and the last part is to connect the control elements that
receive signals from sensors, switches and the previous movements, and give the air to
the supply line or the energy to the relay of the step. The final result with a complete
circuit of the example described bellow can be checked in figs. 4, 5.

In Figs la and 1b the standard circuits are drawn for pneumatic and electropneumatic
system. It is possible to see the relations with the previous and the next steps.
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Fig. 1. Standard circuits for the system: a) pneumatic, b) electropneumatic
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3. AN EXAMPLE OF THE REAL APPLICATION

The system is not a representation of a specific machine, but it is made with some
common movements and components found in a real one. The system is composed of four
actuators. The actuators A, B and C are double acting ones and D, single acting. Actuator A
advances and stays in specified position till the end of the cycle, it could work fixing an object
to the next action for example (Fig. 2), it is the first step. When A reaches the end position,
actuator C starts his work together with B, making as many cycles as possible during the
advancing of B. It depends on how fast actuator B is advancing; the speed is regulated by a
flowing control valve. It was the second step. B and C are examples of actuators working
together, while B pushes an object slowly, C repeats its work for some time.

When B reaches the final position, C stops immediately its cycle and comes back to the
initial position. The actuator D is a single acting one with spring return and works together
with the back of C, it is the third step. D works making very fast forward and backward
movement, just one time. Its backward movement is the fourth step. D could be a tool to make
a hole on the object.

When D reaches the initial position, A and B return too, it is the fifth step.

Fig. 3 shows the first part of the designing process where all the movements of each step
should be defined [2]. (A+) means that the actuator A moves to the advanced position and (A-
) - to the initial position. The movements that happen at the same time are joined together in
the same cycle. The system has 5 steps.
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Fig. 2. Time diagram of actuators A, B, C and D movements

This drawing alone is not enough to describe the whole circuit, because the representation
of the flow control on actuator B for example is not done, but it is enough to see the order of
the movements and which movements must be together.
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Fig. 3. Steps sequence of actuators A, B, C and D movements

These two representations of the system together are enough to describe correctly all the
sequence. With them is possible to design the whole circuit with the necessary logic
components. But till this time it is not a complete circuit, because it is missing some auxiliary
elements that are not included in this draws because they work in parallel with the main
sequence.

These auxiliary elements give more function to the circuit and are very important to the
final application; the most important of them is the parallel circuit linked with all the others
steps. That circuit should be able to stop the sequence at any time and change the state of the
actuators to a specific position. This kind of circuit can be used as a reset or emergency
buttons.

In additional to this important one, other auxiliary elements can be included, like the
automatic/ manual switcher that permit a continuos work and the two start buttons that make
the operator of a machine use their two hands to start the process, reducing the risk of
accidents.

4. THE RESULTS

In figs 4 and 5a,b it is possible to check the actuators and all the necessary components
needed for suitable work of the system. It is possible to see the flow control valve, that can be
regulated and then make the actuator C do more cycles. Together with actuator D there is a
quick exhaust valve to make a fast return.

Together with the circuit for the sequence of movements there are three functionality
components, two start buttons, the switcher between manual and automatic work and the
auxiliary reset circuit.

The two buttons were included in a very simple way where they just make an AND logic
operation to give the signal to start the sequence.

The auto/manual switcher permits that the supply from the last step is used as a signal to
the first step to start the sequence again.

In this example the parallel circuit is used as a reset button, and here it is used to return the
system to the initial position, but it could be changed to return the system to any position.
This circuit can stop the sequence at any moment, activating the last step and disactivating the
automatic mode of work. In the figs 4 and 5b it is possible to see the component named RES
and how it is included to the main circuit to disable the steps I to IV. RES activates the last
step and gives a signal to actuator C in order to make it come back to the initial position. In
fig. 4 the extra supply line reset is connected with all the other steps and in fig. 5 the extra
relay changes the estate of all the others.
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Fig. 4. The pneumatic system diagram
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Fig. 5a. The electropneumatic system — actuators with electric directly control valves



970 J. Swider, G. Wszolek, W. Carvalho

m
v
.

|

I

|
L
-
1

|

I

|

o: T - 1
HAEE I ! | | Two start buttons
G I : I I eevernenes
ﬁaul | 1 1 |
N i . i I — = — Auto/Manual circuit
N 1 & azdokzhy By kEh DI ke D1 ke RESPL B . EI\ AT I
HH | .
%]..'.- - | ' 1 1 — . = . Reset circuit
A K1 K2 K ke - | ! I
1 . 1y I
i 11| aed r-=- Lol |
K5 . 1 %
I 1R, 1 - o
. . Kh m\l [ K2 % K3 RES % K3 |K5\RES (K5 \RES
- | — [ S—— 1 . I 0 i |
R (R i Y (R (S G b e .k Ll
| I P 1
g e qeg L b leond [ oed] chy
— o s o " e W - - - e - — I
Ki K K3 K4 Ksevj RES T I |vs V8 vz
”“’E‘lzl élj q:l Eilj . I Elj ! (R $ . $ :
[ CJ

I
1
L.
r
1

Fig. 5b. The electropneumatic system — electric diagram

6. COMMENTS

To project a real application does not mean to design only the sequence of movements but
also to project auxiliary components, that can help the final application to be a reliable system
and safety for the operator.

The step by step method helped to make a circuit only with the simple movement prepared
to be complemented by the other auxiliary components, because each step is defined very
clearly by the standard circuits. This characteristic gives possibility, for example, to choose
exactly which steps must be stop with the reset button and which is the initial position of the
actuators.

Finally this developed circuit is ready to be adapted with the auxiliary program to be
designed and executed inside of a PLC or other specific controllers developed for pneumatic
system that can execute all the logic of steps movements inside of the program.
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