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Abstract : This paper presents a simulation model of a double-acting high-speed pneumatic cylinder with arelief valve
type cushion mechanism. The model predicts piston motion, mass flow rate, pressure and temperature time histories of
cushion chamber. Of interest here is to investigate the cushioning effect of varying the piston and piston-rod diameter,
cushion ring diameter and length, and stoke in cushion mechanism. As a result, this cushion mechanism is found to be
adequate under high-speed driving of pneumatic cylinders. The simulation model proposed here will be very useful to
analyze the dynamic characteristics and to improve or design the better cushion mechanism in high-speed pneumatic
cushion cylinders.

Key words : Fluid power system(-3-F A]2~=1), Pneumatic cylinder(&-71 A @), Air cushion mechanism(&
7] F-4717), Relief valve(d 2] =2 B), High-speed driving(2Z 4 7--%)

Nomenclature t :time, s
A - area i Y% : vglume, m’
B,  :viscousfriction coefficient, N §m X : d|sjplacemen.t,.m
Cv - specific heat at constant volume, kJ/(kg K) © +ratio of specific heat
Fs : friction force, N _
h  :hea transfer coefficient, KW/(m?K) Subscripts
m : mass of air, kg e : exhaust port
m  :massflow rate, kg/s p : piston
ML :massof piston and load, kg r : piston rod
P : pressure, Pa 1, 2, 3,4 : number of control volume
R : gas constant, kJ/(kg K)
T : temperature, K M E

1
- 719t AddE g3 A (stroke) o] - W
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Table 1 Dimensions of relief valve

Balance piston dia. d1 | 4.4mm | Conical angle 30°

Valve stem dia. d2 3.2mm | Spring const. | 9000 N/m

Poppet dia. d3 5.7mm
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Table 2 Simulation parameter

Piston diameter | 32mm | Supply pressure 0.5MPa
Pistonroddia. | 12mm | Damping coef. 30N -s/m
Cushionring dia. | 14mm | Coulomb friction 10N
Cushion ring length | 80mm | Heat transfer coef. | 0.1kW/(m?K)
Stroke 500mm Load mass 10kg
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