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ABSTRACT

The paper presents five prototypes corresponding to three original solutions of
pneutronic units having superior technical characteristics than the existing ones.

The first original solution of positioning unit has along with the usual equipments (rotary
or linear pneumatic motor, position transducer, proportional valves and controller) a number
of transducers for disturbing factors. The second solution is endowed with a special custom
design motor, which enables the incremental movement of the load. The third solution refers
to a pneumo-hydraulic positioning unit that assures the position control by using a hydraulic
circuit governed by a proportional valve; in this way the liquid flow is accurately controlled.
The unit speed is controlled rigorously and full stop is achieved by blocking the hydraulic
circuit. Three experimental models were developed following this principle.

The prototypes were developed at the Research and Development Center for
Mechatronics, in the frame of “POLITEHNICA” University of Bucharest.

INTRODUCTION

Implementation of informatics in pneumatic systems brings a quality boost in this field.
Pneutronics has appeared naturally as a result of a synergetic binding between three fields:
pneumatics — electronics —informatics. That is how pneutronic systems have shown up. Such
a system has a configuration that can vary from simple actuation circuits to complex
structures, governed by PLC or computers that control, adjust and optimize the internal
system’s processes. The main elements of a pneutronic system are proportional pneumatic
servo equipments. Beside them there are mechatronics equipments such as: sensors and
transducers, electrical circuits involved in signal processing, A/D and D/A converters,
controllers and microprocessors.

Achieving a good positioning accuracy is for the time being an unsolved problem in
pneumatics. Pneumatic positioning systems only in the past two decades have been
associated with the accuracy concept. Until then, the main reasons of choosing such a
positioning system were its simplicity, robustness, high reliability and the attractive price.

In this context, a research project [1] that intends the developing of a number of
modular rotary and linear pneumatic units’ prototypes with accurate positioning is currently
deployed at the National Research and Development Center for Mechatronics, in the frame
of “POLITEHNICA” University of Bucharest.
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DESIGN CONSIDERATIONS

At the beginning of the design stage, three principle solutions were considered:

A positioning unit, which has among the usual equipments (rotary or linear
pneumatic actuator, a positioning sensor, proportional distribution equipment)
sensors which monitor the perturbation factors;

A incremental positioning unit with a special custom design motor, which
enables the incremental movement of the load. The position sensor is no more
a crucial component, thus the unit can work without it in a open loop fashion.

A pneumo-hydraulic positioning unit that assures the position control by using a
hydraulic circuit governed by a proportional valve; in this way the liquid flow is
accurately controlled. The unit speed is controlled rigorously and full stop is
achieved by blocking the hydraulic circuit.

Based on these principle solutions, a number of original designed positioning units
were already built and can be found in the laboratory of Accurate Driving Systems and
Robotics from the Chair of Mechatronics and Precision Mechanics, “POLITEHNICA”
University of Bucharest. Control algorithms and software are currently developed and
implemented, in order to assure increased positioning accuracy.

The design of the pneutronic positioning units observed the following aspects:

modular structure of the units;

use of actuators with integrated positioning sensors;

distribution equipment placed on the motor stator;

control electronic circuitry integrated into the unit;

PC-based electronic control system;

appropriate placement of various sensors in order to compensate the eventual
perturbation factors (pressure variations, load variations, temperature variations
etc.).

The electronic control system computes data delivered by sensors and generates
control signals, signal that are sent to the electromechanical converters localized into the
pneumatic proportional equipments; in this way can be made a real-time correction of the
control signals, having one goal: a better positioning accuracy.

DEVELOPED EXPERIMENTAL MODELS

As presented above, a first variant of pneutronic positioning unit was based on a
design that included sensors for the monitoring of perturbation factors.
The connection diagram of this variant is presented in figure 1. The virtual model is
shown in figure 2 and the physical model in figure 3.
The following notations were used:
MPL — Linear pneumatic motor;
T, — Position sensor;
DP;, DP, — Proportional pneumatic direction control valves 3/2;
DF — Braking device;
Sd;, Sd, — Unlockable speed controllers with pilot check valves;
TP,, TP, — Pressure sensors;
GP — Modular air filter/regulator;
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R, R;— Pneumatic pressure regulators;

DC, DC, — Classical pneumatic direction control valves;

A1, A, — Electrical amplifiers;

A — Electronic adapter used for the supply and control of the two proportional
magnets included in the construction of the two classical pneumatic direction
control valves;

S — Electrical power source.
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Figure 1: Variant | - Connection diagram

The pressure regulator R; allows the independent adjustment of the pressure installed
on the control circuit of the unlockable speed controllers.

In the STOP phase, the classical distribution control valves DC and DC; (fig. 3) find
themselves in the preferred position in which the incorporated braking device is locked and
the control signal of the check valves is null. The programmed position is thus maintained. In
order to displace the load, the magnets of the two valves DC and DC; have to be supplied as
well as one of the two proportional magnets integrated in the construction of the proportional
direction control valves DP; and DP,. Due to the fact that the only one magnet is supplied,
the flow section inside the other valve is equal to the nominal section.
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Figure 3: Variant | — Physical Model (Model I)
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A second variant of pneutronic positioning unit featured a special custom design motor,
enabling the incremental movement of the load.
The connection diagram of this variant is presented in figure 4. The following notations
were used:
MPPP — Pneumatic stepper motor;
D,, D,, D3 - Proportional pneumatic valves 3/2;
C1, C,, C3 — Pneumatic microcylinders with profiled rod;
C - Cam;
P — The pitch thread of the transformation mechanism.
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Figure 4: Variant Il — Connection Diagram

Figure 5 shows the virtual model of the whole positioning unit and figure 6 the virtual
model of the stepper motor. As shown in the exploded view, the distribution block 1 features
a switch board and three electro distributors (one for each phase). The cam followers 2 are
directly connected to the pistons (execution elements). The motor includes also the cylinder
block 3, the rotor 4, consisting of a multiple cam and the exit shaft, and the cover 5 with
included bearing for the shaft.

The physical model based on these designs is presented in figure 7. The following
subassemblies can be noticed:

the translation unit (positions 1...6);

the modular air filter/regulator 7, of type AW30-FO3DE, manufactured by SMC;
the control unit, that contains the electronic unit 8 (programmable controller
CPM2A-30, manufactured by OMRON) and the panel on which control knobs 9
are placed.
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Figure 6: Variant Il — Virtual Model of the Stepper Motor
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Figure 7: Variant Il — Physical Model (Model I1)

A third direction of research was focused on the development of an accurate pneumo-
hydraulic unit controlling the position via a hydraulic circuit governed by a proportional valve.
The connection diagram for this solution is presented in figure 8.
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Figure 8: Variant Il — Connection Diagram

299



International Conference
1ST International Conference on Innovations, Recent Trends and Challenges
in Mechatronics, Mechanical Engineering and New High-Tech Products
Development
MECAHITECH 09

Bucharest, 8-9 October 2009

The following notations are used: MPHL - Linear pneumo-hydraulic motor; DHP —
Proportional hydraulic valve; DPC — Classic pneumatic valve; T, - Position sensor; GPA -
Modular air filter/regulator.

The virtual model is shown in figure 9.
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Figure 9: Variant Il — Virtual Model

Starting from this design, three experimental models were physically built.

In the case of the first one, labeled Model 1ll.1, the linear pneumo-hydraulic motor was
obtained by putting the pneumatic driving cylinder with incorporated position sensor CE1B40-
500 in parallel with the control hydraulic cylinder CHD2FWB40B-700A.

The classical pneumatic direction control valve SY5440-5L0OU-02 was mounted directly
on the sleeve of the pneumatic motor.

The hydraulic control subassembly consisted of the hydraulic motor with bilateral rod
and the hydraulic proportional throttle 4 WREE 6 EA08-2X/G24K31/A1V, mounted on the
connection way between the two motor chambers using the support S.

The two subassemblies (pneumatic and hydraulic) were mounted with the two
longitudinal axes parallel on the common support S. A flange union B was used for the
stiffening of the two rods.

The whole assembly was mounted on a base plate PB.

Specialized I/0O modules manufactured by National Instruments allowed the interfacing
with the PC.

The Model IIl.2, shown in figure 11, differs from the previous due to the fact that the
rods of the pneumatic and hydraulic cylinders are mounted in continuation and coupled via a
special system SC that includes a spherical joint for the compensation of contingent
deviations caused by non-coaxiality.
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Figure 10: Variant lll — Physical Model (Model 111.1)
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Figure 11: Variant lll — Physical Model (Model I11.2)

The third experimental model, presented in figure 12 and labeled Model 111.3, features
an original construction of pneumo-hydraulic motor integrating a incremental position sensor.
The hydraulic flow control is achieved via a proportional hydraulic equipment DHP driven by
an electronic amplifier AE, both manufactured by Festo. Specialized I/O modules connected
to the system via the connection strip R allow as previously the interfacing with the PC.
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Figure 12: Variant lll — Physical Model (Model 111.3)
CONCLUSIONS

All the developed experimental models were subjected to various tests, in order to
monitor their functioning and to establish the main functional parameters.

The behavior of the variants | and Il corresponded to the design specifications, fact that
recommended them for further development.

The tests showed that, in the case of the variant labeled Model IIl.1, an excentric
resistant force created by the hydraulic control circuit subjected the guideways of the two
motors to serious efforts, leading to the jamming of the mobile assembly. In the case of
Model I11.2, the coaxial mounting of the two rods helped to avoid this phenomenon. Even if
the rods of Model 111.3 were also mounted in parallel, stiffening via flange unions B; and B,
was possible due to their bilateral construction, thus correct mounting allowed appropriate
functioning.

Consequently, only variants I, 11, 11l.2 and IIl.3 proved to be valid. Further research will
tackle the developing of original control algorithms and software in order to increase the
positioning accuracy.
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