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A Study on the Design of a High-Speed Pneumatic Cushion Cylinder

Do-Tae KIM', Dong-Soo KIM*, Min-Jin JU**

‘ Abstract }

Of all of pneumatic components utilized in the make

of cylinder tube, piston rod, end cover, and to analyze

up of pneumatic circuits on either automatic assembly machine

or industrial equipment, the pneumatic cylinder is more oriented toward being a structural as well as a pneumatic
member. The structural design must be based to a large degree on the end of application of the cylinder on the
equipment it is operating. In this paper, design studies of a double-acting pneumatic cushion type cylinder with
low-friction and high-speed driving have been developed. Of interest here is to investigate the stress and strain analysis

the buckling of piston rod. A finite element analysis is carried

out to compute the distribution of the displacement, stress and safety factors by using ANSYS. As a result, the structural

safety factors of each parts in pneumatic cushion cylinder are evaluated and confirmed at the design specifications.
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(a) Needle valve type

(b) Relief valve type

Fig. 1 Cushion mechanism in pneumatic cylinder
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Fig. 2 Two-dimensional CAD data
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Fig. 3 Geometric modeling of pneumatic cylinder
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(a) Piston and piston rod (b) Pneumatic cylinder
assemble

Fig. 4 Mesh generation of finite element models

Table 1 Design Specification

Working fluid Air
Proof pressure 1.5MPa
Maximum operating pressure 1.0MPa
Minimum operating pressure 0.1MPa
Maximum piston speed 3.0m/s
Cushion Air cushion
Lubrication None
Operating temperature -10~60C
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Table 2 Mechanical properties of materials

Materials Elastic Poisspn’s Yield
modulus ratio strength
A6063-T5 68.9GPa 0.33 175MPa
SK4 205GPa 0.28 315MPa
SM45C 205GPa 0.29 343MPa
C3604BD 97.0GPa 0.31 360MPa
SCM3 205GPa 0.29 1655MPa

P

€ >

(a) Piston and piston rod (b) Cylinder tube assemble

Fig. 5 Boundary and load conditions
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(a) von-Mises stress

(b) Total deformation

Fig. 6 von-Mises stress and deformation distribution of
a piston and piston rod for CY25

(a) Nomal stress (x axis) (b) Deformation(x axis)

(¢) Nomnal stress (y axis) (d) Deformation(y axis)

(e) Nommal stress (z axis) (f) Deformation(z axis)

Fig. 7 Stress and deformation distribution of a cylinder
tube for CY25
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Fig. 8 von-Mises stress and deformation distribution
of a piston and piston rod for CY32
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Table 3 Stress and deformation of piston and rod for
CY25

Max. Max.
Normal  |Deformation
stress [MPa] [mm]

X 3.34 0.402
y 2.90 0.329x10° | 11.836 0.402
z 2.64 0.016

von-Mises Total
stress | Deformation
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Fig. 9 von-Mises stress and deformation distribution
of a cylinder tube for CY25
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Fig. 10 Stress and deformation distribution of a cylinder
tube for CY25
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(b) Total deformation

«

(a) von-Mises stress

Fig. 11 von-Mises stress-deformation distribution of a
cylinder tube for CY32

Table 4 Stress and deformation of cylinder tube for
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Fig. 12 von-Mises stress-deformation distribution of a
cover for CY25
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(b) Total deformation
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(a) von-Mises stress

Fig. 13 von-Mises stress-deformation distribution of a
cover for CY32

Mises &3} HA] HEg Uepdict. Aue Ade] FEe
Zro] &FulE F(A6063-T5)0|th CY259) 4] von-Mises
©82 577MPa, AA| WL 7.57x10" mmo]c}. CY329]
A von-Mises 28 8.55MPa, ZA| & 6.84x10* mmo|r],
Ady] FHoL HEwof A WAl E3t QP Al CY25
oA 30.3, CY329| A 20.52 H7}e]o] B2t 1.5MPa
oA Wy BT 4 9k s

4.4 HZE LI

Fig. 14= CY25, Fig. 15+ CY329] Adg FH¢l At
AWE A dsl= LAY a4 Atololn], AR+ 7| A2 E
H27HSCM3)E ARESFGITE CY250)lA] LiAF E5-EofA
von-Mises 28 3.58MPa, A3 & 8.5x10*mm, CY329]
M= von-Mises 32 8.58 MPa, & 8.08x10 " mm7} 24
aFlth SCM3 9| 35820l 1655MPa 4= 0|22 QH47)
T CY2590 4 464.9, CY329 A= 1929 A2 Ve
A=Ay v e ebdsithar & 4 qlch

‘\I/"

o

(a) von-Mises stress

(b) Total deformation

Fig. 14 von-Mises stress-deformation distribution of a
bolt for CY25
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(a)von-Mises stress
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(b) Total deformation

Fig. 15 von-Mises stress-deformation distribution of a
bolt for CY32
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