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A Study on the Design of a Low-Friction, High-Speed Pneumatic Cylinder
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Abstract

Of all of pneumatic components utilized in the make 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 structural analysis of cylinder tube, piston rod, end
cover, and to analyze the buckling of piston rod. Also, a relief valve type cushion mechanism is
considered. This cushion mechanism is found to be adequate under a high-speed driving of pneumatic

cylinders.
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(b)Relief valve type

(a)Needle valve type
Fig. 1 Pneumatic cushion cylinder
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Table 1 Design Specification

Working fluid Air

Proof pressure 1.5MPa
Maximum operating pressure 1.0MPa
Minimum operating pressure 0.1IMPa
Maximum piston speed 3.0m/s
Cushion Air cushion
Lubrication None

Operating temperature -10~60°C
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Fig. 2 Two-dimensional CAD data
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(a) Piston rod assemble

4_HEAD COVER

1_CYLINDER TUBE

L-WRENCH BOLT \

3_ROD COVER

(b) Cushion cylinder assemble
Fig. 3 Three-dimensional modeling
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Table 2 Mechanical properties of material

Material Elastic Po_isson's Yield
modulus | ratio strength
A6063-T5 68.9GPa 0.33 175MPa
SK4 205GPa 0.28 315MPa
S45C 205GPa 0.29 343MPa
C3604BD 97.0GPa 0.31 360MPa
SCM3 205GPa 0.29 1655MPa
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(a) Piston rod model (b) Cylinder assembly model
Fig. 4 Finite element model
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Fig. 5 Boundary conditions

3.1 ZIAE 2E

Fig. 6& CCY259] 9| ~E 2t 34 Axjolr},
y2E AE 25mmél CCY259HE Hoago)
0.40232mme] 3L, Ho] We7L WS WL x
WEEO 2 0.4017Immol ™, y, 2 3E = W Eo)
g Ak A& shsol FEshe FAE
25 sl RS, A7 o 11MPa 4
Lolth, ¥AE A Eo] 32mmel CCY320|HE W
ol A dojux] gow HujsH of
23.5MPac] TAEQAT) o] Auls WAE mC=
BT HSKH) o= AAIESS w, Table 29

¢

FEAAE 315MPa HTh ofF A2 ghs 7RI
PRSP L ALEEI ) SHOR i g oA
F(ol8t SF= F713HE Aoletd, SF= 266 A
wolmg AAQ FxEA Ave P2
AL & 5 Ao

(a)von-Mises stress (b) Total deformation

Fig. 6 von-Mises stress-deformation distribution
of a piston rod for CCY25
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(a)von-Mises stress

(b) Total deformation

Fig. 7 von-Mises stress-deformation distribution
of a cylinder tube for CCY25
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(c) Normal stress (z axis) (b) Deformation(z axis)

Fig. 8 Stress-deformation distribution
of a cylinder tube for CCY25
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(a)von-Mises stress (b) Total deformation

Fig. 9 von-Mises stress-deformation distribution
of a cylinder tube for CCY32
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(a)von-Mises stress (b) Total deformation

Fig. 10 von-Mises stress-deformation distribution
of a cover for CCY25
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(b) Total deformation

(a)von-Mises stress

Fig. 11 von-Mises stress-deformation distribution
of a bolt for CCY25
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Fig. 12 Horizontally and vertically mounted
pneumatic cushion cylinder
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Fig. 13 Pressure and temperature distribution
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Fig. 14 Displacement and velocity wave forms
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