SIMULATION OF DOUBLE ACTING PNEUMATIC CYLINDER CONTROL
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Abstract. Implementing optimal control in a pneumatic driveystem is not a very cheap or easy process. Tiiteoto
subsystem of a pneumatic driven system has tadisie direction: the control from pneumatic podrfitview and the
control from automatic point of view. The presenpeprs offer a cheaper solution to choose an optimairol and
command system from both perspectives. The soluffered is to simulate such a system using MaBabulink
toolbox.
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1. Introduction motor, which may be of the rotating or linear type.
The pneumatic actuating servo systems used iffhe linear motion system widely uses the pneumatic

automatic devices have two major parts: the poweeylinder, which has two major configurations: sagl

and control subsystems (Figure 1) [1]. or double action. A double-action actuator can be
The main part of the power subsystem is theactively controlled in two directions.
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Figure 1. Block diagram of the pneumatic actuasipgtem [1]

The important part of the control subsystem istime variant with changes in the environment. There
the command module (or task controller), whichare main causes, which are limited application of
stores the input information (such as desiredPID control in the pneumatic actuator systems.
positioning points, trajectory tracking, velocitgr The present paper is focused on simulation,
force value) and selects them via input combination using Matlab-Simscape toolbox, of a double acting

The central element of the control subsystem igpneumatic cylinder, controlled using a PID
the controller, which provides control, processing,controller. The toolbox contains some of the
comparing, and diagnostic functions. In genera, th component of this system, but not all of them.
controller may be of both types: analog and digital
Currently, more than 90% of all controllers in 2. Pneumatic control of double acting
industry are of the digital type. pneumatic cylinder

The most common form of process controller  Pneumatic actuating systems contain a
used industrially is the PID (proportional + intagr pneumatic control defined by the control valves
+ derivative) controller. PID control is an effe®i used in the circuit. These valves may be used to
method in cases where the plant is expressed ascantrol the flow direction, pressure and flow rate.
linear model, and the plant parameters do not Most of the control valves are electro-
change with wide or prolonged use. Owing to thepneumatic valves that controls flow to the actuator
compressibility characteristic of the air and highaccording to the drive current or voltage from the
friction force, the pneumatic actuator system is/ve control system. Thus, an electro-pneumatic servo
highly nonlinear, and the system parameters argalve is the power element (together with actuator)
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in which a small-amplitude, low-power electrical k = 25 W/(niK), A= 3770 mm, Ay = 2945 mrf,
signal is used to provide a high response modulatioA., = 6911.5 mrf thermic mass 258.8 g;
in pneumatic power. The dynamic response, nul- there were considered motor resistant force,
shift, threshold, and hysteresis are the mostcatiti position, speed and force sensors.
valve parameters that strongly influence the  The simulation inputs are the pressures from
dynamic and static characteristics of the pneumatithe two chambers of the actuator and there are
actuator [1]. impulse inputs. The outputs were displacement,
Simulations were done based on data sheets @peed and force parameters of the actuator.
MPYE-5/3-1/8 pneumatic directional valve, offered After the simulation of the double acting
by Festo. This valve is a very complex one and hasylinder it could be concluded that this type of
high level of applicability and to be able to siam@  system may be used in systems that have hard stop,
it has to be considered that there are foumwithout implementing a force control loop.
subsystems that define it: electric, magnetic,Mechanical switches, implemented allow obtaining
mechanic and pneumatic subsystem. In Table 1 angrecision at end stroke but they are rigid elements
synthesized the input data used for these fouthat allow only manual control of displacement.
subsystems (data were chosen based on data she@tgese switches generate a minimal control loop.

and specialized papers [2, 3]) Analysing the results of simulation it can be
concluded that the directional valve has a small
Table 1. Input data of the subsystems influence on simulation dynamic parameters:
Electric and magnetic subsystem response times slightly increase; speeds slightly
controlled voltage source| 24 V decrease and cylinder’s force is smaller.
mechanical converter k=1 N/A

Considering these remarks, it was implemented

Riselcsﬁz;ica, subsystem o= 200 (24 V. 1100 MA) the control only for the cylinder (Figure?2).
coulomb friction included in perturbation In Matlab-Simscape toolbox there is no such as
spool mass p=10g double acting pneumatic cylinder as component and
spring no pretension.k 100 N/m that is for the pneumatic cylinder was simulated
?rzrr?sﬁ:trional Fard S0 G;p%'gll d:\s”élrzlcsgmem — based on two pneumatic piston chambers (Figure 2).
command bloc bidirectional command valve PID,ContrO”er was |mplemgnted on feedb_a,Ck
Pneumatic subsystem loop (Figure 2) and has as input the position
pressure source ideal compressatO6Pa measured by a position transducer and output is the
initial condition atmospheric pressure: 101325 Pa; input of pressure control circuit. Pressure

temperature: 293.15 K, 5 _ proportional controller corresponds to the circuit

:Egg:;:g E:git“f’_ 17'5;)5915 J/J({((gg&' consisting from MPPES-3-1/4-6—-010 regulator and

dynamic viscosity: 1.8210° sPa MPZ-1-24DC-SGN-65W control element, both
proportional valve discharge coefficient; €0.82; from Festo Company.

minimum area: 16°n’ The simulations were done by three different
variable section Iir_1ear characteristic for valve spopl types of reference signals: R1 — triangular signal;

throttles displacement between — 5 and 5 mm R2 — pulse and R3 — variable [5].
. _ PID block is a predefined one in Matlab and is
3. Pl [I) antrd of double acting pneumatic based on classical equation for such a controller
cylinder

The pneumatic system contains a double actingu(t)=Kp G!(t)+&'[ée(r)dr +Kp [Ty @ @
pneumatic cylinder, which is a linear actuator. For Ti dt
the simulation was considered DSNU-20-100-PPV-A Matlab-Simscape toolbox offered the

[4] cylinder from Festo and were analysed threégyossipility to tune manually or auto-tune the
different conditions: idling function, loaded at ,5rameters of the PID controller, thus obtaining th
constant 100 N and loaded at ramp force (0 to 10 ppropriate control for each system. During the
N). During simulations were assumed thegjmylation presented in the paper the PID controlle
following: was auto-tuned.

— piston mass: g 80 g; _ In Figures 3, 4 and 5 are presented the results
— ftranslational hard stop determine force alyf the simulations for the three input references a

maximum displacement: = 100 Ns/m — upper the position responses (constant resistant for€e 10
bound of 100 mm;

N).
— convection transfer heat based on data sheet:)
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Figure 2. Pneumatic system double acting cylindén ®ID controller
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Figure 3. Triangular reference and the respon$|eeo¢ontrolled system (100 N constant perturbation)
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Figure 4. Pulse reference and the response ofbtfiteotled system (100 N constant perturbation)
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Figure 5. Variable reference and the responseeodimtrolled system (100 N constant perturbation)

Analysing the gained results it can be pre-chosen based on some data from scientific
underlined that steady-state time is 0.385 s fopapers [57]).
variable reference, or 1 s for pulse reference. The The same coefficients for PID controller were
positive aspect relative to responses is that tisere applied to the system that has a linear variable
no peak value for either reference. Thus, the t@sul perturbation (between 0 and 100 N). The results are
with the set values of PID controller are goodpresented in Figures 6, 7 and 8.
enough (the parameters for the PID controller was
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Figure 6. Triangular reference and the responsgkeoontrolled system (linear variable O - 100 Kygdation)
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Figure 7. Pulse reference and the response ofbititeotled system (linear variable O - 100 N peréatitn)
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Figure 8. Variable reference and the responseeoédimtrolled system (linear variable O - 100 N ydration)

Analysing the results it can be underlined that,pneumatic systems,

leaving room for creative

in the case of pulse reference, there is a pealeval development of other researchers in this field, and

and the steady-state time
disadvantageous reaction is the steady-state value,

is 1 s. The mosbeyond.

The author of the present paper extended the

which is greater that the reference, determining aesearch in the field of artificial pneumatic mscl

positioning error. The
reference is better than that for constantin
perturbation.

Response to variable
deviations from the initial signal, signifying thidte
system (with this PID controller) is not easy
adaptable to changes of the input, especially when
the signal drops suddenly or high slope decrease.
The PID controller should be tuned thus the system
may not be so slow (high inertial system).

1.

3.

4. Conclusion

The PID controller may be adapting to different
gains: to track the reference, to reduce outpputin 4
perturbation, etc. The problem is to find out the
appropriate parameters for this controller to ble ab
to obtain optimum reaction independently of thes.
input signal.

Simulation diagrams shown in present paper
modelled, in detail, each pneumatic phenomenon
that appears in the considered pneumatic system.
These diagrams are particularized, based o8.
constructive data, for Festo components. Despite
this, the diagrams are flexible, adaptable to any
other pneumatic component distributed by any other
company, or used in any other system. 7.

Simulation diagrams are detailed, relevant,
verifiable, confirmed, flexible, customizable, and
can be used as sub-modules in the simulation of
other complex systems, without affecting the
accuracy of the simulations.

Present paper is focused to simulation and
validation of simple automated electro-mechanical-

response to triangularsimulations, using some of the element introduced

the present simulation.
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