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Experimental Study of Cushioning Pneumatic Cylinder
with Meter In/Meter Out Control System

Dong Soo Kim* and Sang Chun Lee**

ABSTRACT

Pneumatic cylinder is widely used for mechanical handling systems. Often, the impact occurs at the both ends
points of pneumatic cylinder and generates destructive shock with in the structural operating members of the
machine or equipment. To reduce the damage of system, therefore, shock absorbing devices are required.
Cushioning of pneumatic cylinders at one or both ends of piston stroke is used to reduce the shock and vibration.
The cylinder body have to withstand under high velocity and load. In this research, the pneumatic cushioning
cylinder moving tests have been conducted for different load mass and supply pressure. The velocity of pneumatic
cylinder actuation system with multiple orifice cushion sleeve which is set vertically controled with meter-in/out
system. This study examines the dynamic characteristics of pneumatic cylinder with cushion devices. It turns out
that the cushion pressure is mainly a function of the external load rather than the supply pressure. The cushion
region characteristics was also revealed in the meter-in system.
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Fig. 1 Schematic of a vertically mounted double
acting pneumatic cushioning cylinder.
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Fig. 2 Photograph of multiple orifice cushion sleeve.
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Fig. 3 Schematic diagram of experimental apparatus.
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Fig. 4 Velocity control system of a pneumatic cylinder.
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Table 1 Specifications of pneumatic cushioning cylinder.

Piston Piston Rod Cushion |CushionL
. . Stroke R
Diameter Diameter Diameter ength
@ 80mm @ 25mm 500mm ¢20mm | 28mm
rectional
Orifice Flow Directional . . Pipe
Diameter Control Control |Pipe Dia. Lenath
amete Valve Dia. | Valve Dia. cng
@ 3mm ¢ 10(5)mm | ¢ 14mm | ¢ 12mm | 1000mm

Table 2 Specifications of experimental apparatus.

P
ltems eSSUI® | LVDT Sensor | Load Cell
Sensor
Strai Magnet .Compression
'0 ;e:;ggage 0-650mm &Tension
Specification |* ops' .0.005% .0-20001bf
.0.05% F.S. 0.02mm 0.1%
.0-10volt 0-10volt 0-10volt
.. . Transducer
Maker Digitec Tempsonic Technique
Temp. Sensor| Flowmeter |A/D Converter| Amplifier
. .10KHz,
T .Turbine 12bit 0.25% z
-I-type Pmax.~10bar |-100KHz g
thermocouple - |A/D16ch .Gain 1000
. ¢0.002mm .:S:S(I)t()l/mm ch- Nonlinearity
-1-ovo .D/1,02ch. 0.0%
OMEGA Sponsler Adventech Calex
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Table 3 Comparison of data for velocity control
system ; operating condition, load mass

100kg, supply pressure 6bar.

Velocity Control Method
Items Meter In Meter Out
Control Control
Circuit Circuit
Supply Pressure(bar) 4 6
Flow Control Valve Dia.(mm) ¢5/¢ 10 e l10/¢5
Mean Velocity(m/s) 0.6 0.4
Maximum Velocity(m/s) 1.1 0.7
Cushion Peak Pressure(bar) 12.5 12.0
Cushion Stroke Time(sec) 0.26 0.4
sotal Stroke Time(sec) 1.0 1.6
Maximum Acceleration(m/s”) 17.5 7.0
Maximum Load(kg) 175 70
Internal Pressure(bar) 1.8 6.0

100

Table 4 Comparison of charateristics for velocity
control system.

Velocity Control Method

Items
Meter In

Control System

Meter Out
Control System

independ on
effective area

depend on

Valve On-Off Time .
effective area

Total Stroke Time | depend on load independ on load

Final Velocity rapidly down normally down
almost almost equal to
Internal Pressure
atmosphere supply pressure
Cushion Capacity bad good

Fig. 5 Experimental results of pneumatic cylinder with
meter in control circuit.

Fig. 6 Experimental results of pneumatic cylinder with
meter out control circuit.



A d3AEEEE ] A7 A2g

3.1. HEk2l
F

A of I Hol AS
s 91 35S 100kgs LAsHA FiL
4, 5, 6bar= 17}2\];1 Lome] FAL
?@?*M , Fig. 82 913 & A%%
FA *ltﬂ%‘a% 12.5bar, FHAEZT
26sec, A A2EZF A7E 1 0secE A9
Ueldton, o] Fdede Zite F
of Atk Aol Y& PR Fig. 9
9} Fig. 108 Z33S 6bar2 YA T2 9
BEFE 40, 70, 100kg o2 F7HAAE 359 F
Ay F gxol gigk Addgtozy, FHH
gL onaizol Figtelwela 45, 105,
12 Sbar® ©AS) Z7bstgla, F4 2ERF ARE
0.3, 0.28, 0.26sec® & oW, AA AEZIA
1.3, 1.1, 1.0sec® 7FA&R Tk wata] <53
FAFGel AMAQ FFE TARRE A
AARA AN e s)ordd situ et & gt

o
—

ig. 7

El
e 4

A,
0
|

P HO.E'

:iém

]_

of ox
.18. S rlo

P

ol o off ml

o
L=
&

»E ohi A orle

Cushion Pressure [kgtfen®]

*ig. 7 Cushion pressure of dlfferent supply pressures
for load mass 100kg.

_ Displacement imm]

fig. 8 Dlsplacemem of different supply pressures for
load mass 100kg.

101

Céamqa Pressure {kgficm?’;

Fig. 9 Cushion pressure of different load masses for
supply pressure 6bar.
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Fig. 11 Cushion pressure of different supply pressures
for load mass 100kg.

Fig. 12 Displacement of different supply pressures for
load mass 100kg.
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Fig. 13 Cushion pressure of different load mass for
supply pressure 6bar.

load mass for

14 Displacement of different
supply pressure 6bar.
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