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Abstract

In this study, we researched how to estimate life-stress relationship and acceleration factor through
performing accelerated life test and analyzing it. The purpose of this study is to predict life of
pneumatic cylinder within short time which is widely used in automation manufacturing line. In design
of accelerated life test, we selected operating pressure and load that have the most influence on main
failure mode of pneumatic cylinder as accelerated factor. We used two-way factorial design for
arranging of test condition to accelerated factor and accelerated level.
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(1) Rod Cover (7) Head & Cushion Ring (13) Soring (18) Piston Packing

(2) Head Cover (8) Bush (14) soring (20) Cushion Valve Packing

(3) Cylinder Tube (8) Cushion Valve (15) Wear Ring (&) Cylinder Tube Gasket
(@) piston Rod (0) Tie Rod (18) Tie fod Nt (22) Piston Gaskot
(5) piston (1) Piston Mut (i7) Cushion Packing (23) Rod MEH Nut

(8) Piston & Cushion Ring (12) Lock Mut (18) Rod Packing

Fig. 1 Structure of Pneumatic Cylinder
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Table 1 Failure Mode & Effect Analysis(FMEA)
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Table 2 Accelerated life test plan

Factor Pressure(bar)
Level 6.3 8 12
1.9 1% step | 1% step | 1% step
Load
5 1% step | 2" step | 2™ step
(ka)
10 1% step | 2" step | 2™ step
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Table 3 Conditions of accelerated life test
Test condition

c Sample Test
(ka) (bar)

1 1.9 6.3 8

2 1.9 8 8

3 1.9 12 8 1% step

4 5 6.3 8

5 10 6.3 8

6 10 12 8

7 10 8 8 g

2" step

8 5 12 8

9 5 8 8
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Table 4 Accelerated life test data Probability Plot for Cycle
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Fig. 2 Test equipment for pneumatic cylinder
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Table 5 Test for equality of shape parameters

Chi—Square Degree of P-Value
freedom
2.85219 4 0.583
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Probability Plot for Cycle
Weibull
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Fig. 4 Accelerated relation analysis
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Table 6 Parameter estimation
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Fig. 6 Life-load relationship plot at fixed pressure
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Fig. 5 Typical probability plot for five different test
conditions

Fig. 7 Life-pressure relationship plot at fixed load
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Use Level Probability Weibull
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Fig. 8 Weibull probability plot at the use conditions
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Table 7 Reliability measure of pneumatic cylinder
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