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High accuracy position control of pneumatic rodless cylinder using LVQNN
Sung-Man Pyo’, In-Sung Song™", Kyoung-Kwan Ahn™"",

Soon-Yong Yang™™", Byung-Ryong Lee™”

ABSTRACT

The development of a fast, accurate, and inexpensive position-controlled pneumatic actuator that may be applied to a

variety of practical positioning applications with various external loads is described in this paper. A novel modified pulse
width modulation (MPWM) valve pulsing algorithm allows on/off solenoid valves to be used in place of costly servo
valves. A comparison between the system response of standard PWM technique and that of the novel modified PWM

technique shows that the control performance is significantly increased. A state feedback controller with position,

velocity and acceleration feedback is successfully implemented as the continuous controller. Switching algorithm of

control parameter using learning vector quantization neural network (LVQNN) is newly proposed, which estimates the

external loads of the pneumatic actuator. The effectiveness of the proposed control algorithms are demonstrated through

experiments with various loads..
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Fig. 1 Schematic diagram of pneumatic control system
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: table position

: table velocity

: table acceleration

: target position
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: acceleration gain
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Fig. 2 Photograph of the experimental apparatus
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Fig. 3 Structure of the basic control algorithm
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Fig. 4 Example of the MPWM ratio
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Umpwadt) | - MPWM Output
U, : Valve Opening Signal
t : ON Duty Ratio of Valve for One MPWM Cycle
t : Minimum Duty Ratio for Opening Valve
tpz : Deadband Time of Valve
T : MPWM Cycle Time
t . Continuous Time
U(k) : Sampled Control Input of u(t)
Unnax : Saturated Control Input for MPWM Modulator
k : Discrete Sequence
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Fig. 5 Experimental results of the rodless cylinder
with four different loads.
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Table 1 Classification of external loads

FHE] 80mm #] Ao ]
2 wEA o]FE kv,

|— Class

No. Class 1 Class 2 Class 3 Class 4
1 0 kg 8 kg 18 kg 28 kg
2 2kg 10 kg 20 kg 30 kg
3 4kg 12 kg 22 kg 32kg
Table 2 Success rate of training of LVQNN
Hidden Input data number
layer 28 29 30 31 32
20 95.5% 97.2% | 98.5% | 97.5% | 98.1%
30 98.7% 99.3% | 97.7% | 99.1% 100%
40 98.1% | 99.3% | 100% 100% 100%
leaning rate: 0.6
Training : 10000
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