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Comparison of Cushion Performance on Parameter Changes
in High Speed Pneumatic Cylinder Driving System
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Abstract: Due to the tendency to use high speed pneumatic cylinders to improve productivity, cushioning devices are
adopted to decelerate the piston motion of pneumatic cylinders to reduce noise, vibration, and impact. This paper
presents a comparison of the cushion characteristics of a high speed pneumatic cylinder with a relief valve type
cushioning device. The system parameters selected are the damping coefficient, Coulomb friction, heat transfer
coefficient, and cracking pressure of the relief valve in the air cushioning device. The integral of the time multiplied
square error (ITSE) is used to quantitative measure the cushioning performance to assess the effect of varying these.
The cushioning performance achieved good results when the ITSE is a minimum value. In a comparison of the
piston displacement and velocity with the variations in system parameters, the heat transfer coefficients are not as
significantly affected as the other. Also, the cracking pressure of the relief valve is mainly affected by the pressure
and temperature in the cushion chamber.

715 MH : mass of piston and load, kg
: pressure, Pa

M
P
A : area, m’ R : gas constant, kJ/(kg K)
S
T
t

B, : damping coefficient, N-s/m . surface area of cylinder tube, m’
Cy : discharge coefficient : temperature, K

C, : specific heat at constant volume, kJ/(kg K) time, s

F. : Coulomb friction force, N V : volume, m’

h . heat transfer coefficient, kW/(m® K) x : displacement, m

m : mass of air, kg K : ratio of specific heat

m

: mass flow rate, kg/s
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Table 1 Simulation parameters

IAE A2 25mm | M |2kg
YAEZEXE | 2mm | C | 0.717kl/(kg K)
»rERZ 300 mm R | 287 Ji(kg K)
FAY A& 12 mm k |14

FAH Aol 80 mm | C; | 0.65

o 7ML A (5), (0014 AFRFE T
o} o] uwf B EJ(poppet)©] FEl7] AlZt
s Y7 4E P, S 0.6 MPa, E|TE ETX
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(c) Cushion pressure-mass flow rate
Fig. 2 Characteristics of relief valve
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