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2.2 Parte

IV. IMPLEMENTING CONTROL FROM KARNAUGH MAPS
At this point, the control of the study case is presented in the form
of electrical pneumatic control (relay technology), a pure pneu-
matic control and an electro pneumatic control made in Ladder
Logical diagram under a programmable logical controller.

C. Electro pneumatic control, relay technology
Implementing electro-pneumatic circuits it is based in two
fundamental parts, the power part (pneumatic action made
by the actuators, -MM) and an electromechanical part which is
controlled by electrical signals (directional control valve, -QM),
solenoid coils (-MB), and electrical part composed by electrical
signal of the limit switch (-BG) of the actuators also contacts and
relays (-KF). This signal, in a binary or digital form, control the
evolution of the sequence in function of signals coming from
the process as well as the past and present states. Then, the
minimized equations obtained from the KM's will be summa-
rized as a set of input and outputs signals associate with more
than one movement of a cylinder over the different cycles, so
these final equations are combined to a sum of products. Elec-
tric scheme of this complex double-path sequence consist of a
set of a serial, parallel or memory components resulting from
the transcription, to a contact diagram, of the logical equations
obtained from the KM’s.

[t is important now to present, in summary, the newer
convention used to identifying the components in the electro-
pneumatic circuit diagrams. So, according to the standard EN
81346-2:2009-10 [10], pneumatic part, the standard define each
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component (except cables and connections) according to the
code shown in Figure 11.

System designation —
Medium code
Circuit number

Component number
Figure 11. Designation code for components to EN 81346-2:2009-10.

Where system designation, define by a number or letter, can be
omitted if the entire circuit consists of a single system (in the
case is P, Pneumatics) and medium code, is a letter followed by
the circuit number (number, absolutely necessary, followed by a
full stop), followed directly by the component number (number).
Therefore, an identifier and a number assign each component
in the circuit diagram. So, within a circuit, components with the
same identifier are numbered consecutively from bottom to top
and left to right. Figure 12 shows electric scheme, using the new
code [10][9], implementation of logical equations obtained and,
as well, the memory associated to push-buttons (-SF1 and -SF2).

D. Pneumatic control

Implementing pure pneumatic circuits it is based also in the
power part (pneumatic action) and a mechanical part, which
is controlled by pneumatic signals (actuation of the directional
control valve). The great difference it is at the level of the con-
trol since the logical combinations are realized with pneumatic
valves in detriment of the electrical contacts or of a control by
a programmable logical controller (PLC). Note however, that
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Figure 12. Electro-pneumatic control system for complex duble-path sequence (S1 and S2), components identified as per EN 81346-2:2009-10.




the memory is performed with a pneumatic valve 5/2, will al-
ways maintain, by default, a signal corresponding to sequence
1 (pneumatic signal S1) or sequence 2 (pneumatic signal S2).
These signals will always be present along each of the paths as
can be deduced from the scheme shown in Figure 13.
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Figure 13.

Implementing electro-pneumatic control systems is also based
in two fundamental parts; the power part (control and actuation
of the cylinders) and the electrical part (digital logic control by a
PLC). Program control was made in Ladder Logic, using a $7-200
PLC from SIEMENS. As we can see in Figure 14, the implemen-
tation in Ladder Diagram language is a pure translation of the
logical equations obtained by the KM's (translation to Ladder of

the electrical scheme of Figure 12).
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Figure 14.

The global market imposes ever-shorter productive times for
the industrial sector. Therefore, changing systems will have to be

more dynamic and capable to responding more effectively to the
needs of changing the production chain. In this context, start-up
and process change times become a factor of competitiveness
with an impact on production and, consequently, on final gains.
Purely pneumatic-based automation systems are static systems
for which simply changing a movement of a pneumatic cylinder
results in the physical alteration of the entire control, i.e, a lengthy
process of reconstruction of all the control system.

In order to minimize start-up times, we present a methodol-
ogy for defining the control system based on Karnaugh Maps
adapted to industrial, pneumatic or electro-pneumatic circuits,
used in a combinatorial or sequential cycle. The use of this
methodology allows solving a high complexity control problem
as well as the possibility of combining more than one sequence
of movements in a single command. The command from logic
equations obtained by the KM's ensure not only the realization
of this double-path sequence, but also the minimization of the
command variables required to control digital circuits.

It was also your intended to show that the control base on
the equations obtained are easily converted into electrical com-
mands. Its transformation into Ladder Diagram language is also
easy to apply, opening a wide range of possibilities for industrial
use, simulation of processes as well, as teaching and learning of
the control of pneumatic and electro-pneumatic systems.
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