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Abstract : This paper presents a robust control scheme applied to a pneumatic cylinder positioning servo system. The
use of a pneumatic system is associated with the highly nonlinear dynamics that makes conventional control strategies
such as PID ineffective. In order to improve position control performance in a pneumatic servo system, a nonlinear
mathematical model is developed and a robust controller is designed based on the He theory. The simulation results
show better control performance and disturbance rejection as well as much faster response than PID control. Finally, the
simulated results are compared with the experimental data under various conditions. The results show a good agreement
between the simulation and experiment in terms of pressure wave forms in cylinder chambers and piston displacements.
The availability and effectiveness of a robust He controller are verified through the results of varying supply pressure,
load, and piston velocity in closed loop position control of pneumatic cylinders.

Key words : Pneumatic servo system(3-7]% A% A]2=#l), Pneumatic cylinder(Z-7]1% A #t), Ho controller
design (He A©17] A 7)), Robust position control(Z<] 1] Al o)

Nomenclature .M B
A - area, m 71 Adrl e 2 AssHEnt oy gl A &
b : damping coefficient, N -s/m W0 o]E| 2 Wol AlL3IH, URE FLEuA o]
F : force, N PTP(Point To Point) & Ej <] 7} 101 ojth. &7
L : piston stroke, m ol Alelg = 7] 3ol o] EL} §-9F alZof o] E] 9}
m : air mass flow rate, kg/s Hske] AAA, 7PAA, A7} %‘4 A o] 917]
M : piston and load mass, kg Fo T&ETET o] AU} sduw Thoket
e ke ) wobol -85 4 Ak R w9l 2l 7e] Z7be w
: gas constant, . ) _

Se : fffective valve opgening area, m’ BAkslel Kol wep o), 54 wok SFe
T : temperature, K A7 R MRI 5 A o5 23] Sl = A
\Y : volume, m’ &3k’

X : piston displacement, m 71 AHUY FEAEE T Als Y] A
K

: specific heat ratio A A, Aol Ho| A fekgte st A A, 1)
2 i F 3 2= g F oA vzt T ZFe v dd
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Fig. 1 Position control system in pneumatic cylinder
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Fig. 2 Flow characteristics of a control valve
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Fig. 3 Double acting-single rod pneumatic cylinder
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Table 1 System parameters used experiment

Supply pressure 0.5 MPa Piston dia. 0.05m
Alir temp. 293K Piston rod dia. | 0.02 m
Gas constant 287 J/(kg K) Stroke 0.5m
Damping coef. 50 Ns/m Mass 7.5kg

Gain (dB)

Phase (degree)
o =
s 8

0 . L .
Frequency (radss)

Fig. 4 Frequency response of nominal plant P(s)
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