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Comparing performance of two different pneumatic circuits in the presence of
controllers with optimal parameters
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, control position of a pneumatic actuator with the PWM solenoid on/off valves using two
Received 15 January 2017 different pneumatic circuits performed. After deriving the governing dynamic equations, to investigate
Acoepted 05 May 2018 the circuit effect on system performance, mentioned two pneumatic circuits are introduced. Then in
Available Online 31 May 2018 G g i v g ] )
order to control the position of the pneumatic actuator, for both circuits, sliding mode and proportional-

Keywords: integral-derivative controllers are designed. In proceeding, optimum controller parameters are
Pneumatic Actuator determined by genetic algorithm to achieve minimum control energy and position error. Finally, by
Position Control performing simulations in Matlab Simulink, performance of designed controllers with optimal

Sliding Mode Controller
PWM Excitation
Genetic Algorithm

parameters is evaluated and compared in the presence of disturbance. According to the obtained results,
by comparing the performance of two circuits, it is observed that the first pneumatic circuit with two
solenoid valves can track the high-frequency sine reference input better and more precisely in the
presence of a nonlinear sliding mode controller. The position tracking error in low-frequency sine
reference input using a classic proportional-integral-derivative controller, for a single-valve pneumatic
circuit is considerably less than that of a pneumatic circuit of two valves. This indicates the input-output
quasi linear behavior of the pneumatic actuator in a single-valve circuit.
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Fig. 1 Schematic of the pneumatic system [11]
[ 1] S tasa i S 1. 58
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Table 4 Optimal parameters for PID control for pneumatic circuit with
one valve
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Fig. 5 Experimental results for the input / output behavior of the one-
valve circuit [13]
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Fig. 6 Simulation results for the input / output behavior of the one-
valve circuit
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Table 1 Optimal parameters for sliding mode control for pneumatic
circuit with two valves
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Table 2 Optimal parameters for PID control for pneumatic circuit with
two valves
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Table 3 Optimal parameters for sliding mode control for pneumatic
circuit with one valve
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Fig. 7 PWM signal in the presence of sliding mode control for single-
valve circuit
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Fig. 8 Tracking of the sinusoidal path with amplitude of 0.05 m and

frequency of 2 Hz in the presence of sliding mode controller for the

two-valve circuit
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Fig. 9 Tracking of the sinusoidal path with amplitude of 0.05 m and
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Fig. 12 Position error with sliding mode controller in the presence of
disturbance with amplitude of 0.01 m and frequency of 0.5 Hz for the
two-valve circuit
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Fig. 13 Position error with PID controller in the presence of disturbance
with amplitude of 0.01 m and frequency of 0.5 Hz for the two-valve
circuit
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Fig. 10 Position error in the presence of sliding mode controller for the
two-valve circuit
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Fig. 11 Position error in the presence of PID controller for the two-
valve circuit
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Fig. 17 Position error with PID controller in the presence of disturbance
with amplitude of 0.01 m and frequency of 0.5 Hz for the one-valve
circuit
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Table 5 Numerical results for circuit with two valves
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Table 6 Numerical results for circuit with one valve
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Fig. 18 Tracking of the sinusoidal path with amplitude of 0.05 m and
linear time varying frequency in the presence of PID controller for the
two-valve circuit
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Fig. 19 Position error with sinusoidal reference input with amplitude of
0.05 m and linear time varying frequency in the presence of sliding
mode controller for the two-valve circuit
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Fig. 20 Position error with sinusoidal reference input with amplitude of
0.05 m and linear time varying frequency in the presence of PID
controller for the two-valve circuit
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Fig. 21 Position error with sinusoidal reference input with amplitude of
0.05 m and linear time varying frequency in the presence of sliding
mode controller for the one-valve circuit
oI g e 0.05 aselo b st gz ye 539)9 b Soadse sllas 21 S5
i D90 0alS S jpdm g0 b ST e glp bey b jaise e

PID control |
0.04 T T + -
0.02 1
E
E;
£
5
0.02 F 1
.0.04 1 1 I L 1
0 1 2 3 4 5 6
time(s)

Fig. 22 Position error with sinusoidal reference input with amplitude of
0.05 m and linear time varying frequency in the presence of PID
controller for the one-valve circuit
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