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The Estimation of Shape Parameter of Pneumatic Cylinders
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Abstract : Pneumatic cylinders that are usually applied in the factory automation line have complicated failure

cause because they are composed of various elements. In this study, we performed life test and performance

test of double acting pneumatic cylinders according to the international standards and then analyzed the life

and the main failure mode of the cylinders in the same load condition. On the basis of these processes, we

can estimate shape parameter for the reliability estimation of pneumatic cylinders and their data analysis of life

distribution.
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Fig. 1 Structure of Pneumatic Cylinder
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Table 1 Analysis of Failure mode and failure
mechanism
Function Failure |Failure Mechanism
Mode and Cause
Wear &
. Prevention| Leakage | @ | fracture of
Piston . al
Seal of internal se
leakage Increase ® Deterioration
of friction of lubrication
Wear &
Prevention| Leakage | @ | fracture of
Rod seal
Seal of external
leakage Increase @ Deterioration
of friction of lubrication
Fracture Overpressure
Cylinder| Pressure ® Elz "
Tube | chamber ; xlerna
Deformation| ® shock
Head &| Airtight |Fracture of
Rod |of cylinder| assembling | @ |Overpressure
Cap tube bolt
Table 2 Criticality matrix analysis
High @, 3 @, ®
Fail
al u1.*e Medium ®
severity
Low ®, @
Failure frequency Low Medium High

Table 3 Failure mode effects & criticality analysis

Failure Effects of T Evaéuatlor(lz "
Mode failure requ Sev ) Lt
ency | erity |cality
Decline of
Piston Leakage Starting mid { high| 7
Pressure
Seal Increase | Decrease of
of friction | efficiency high | high } 9
Decline of
Leakage Starting mid | high| 7
Rod Pr
essure
Seal Increase | Decrease of
of friction | efficiency high | high | 9
Disappearance
. Fracture of inner low | mid | 3
Cylinder
pressure
Tube Decrease of
Deformation| o co S low | low 1
efficiency
Fracture of| Increase of
goes%fz assembling | external low | low 1
D bolt leakage

- 128 -




HEAERA

Table 4 1-stage quality function deployment

Piston | Rod | Cylinder | 720
Seal Seal Tube
Cover
ailure| Leakage, Leakage, Fracture
Increase Increase| Fracture, of
Function, |of friction| , .Of  |Deformation|assembling
friction bolt
Starting o o
pressure
Internal &
external ®) A
leakage
Endurance
of A A A
pressure
Life ®) @)

Most importance ©, Importance O, Commonness A

Table 5 2-stage quality function deployment

Minimum
T.est working | Leakage Endurance Life
Failure pressure
pressure
Piston
A\
Seal O ©
Rod
Seal O © o
Cylinder
AN
Tube © O
Head & Rod A A o A
Cover
Priority 3 2 4 1

Most importance ©, Importance O, Commonness A
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Fig. 2 Load mass and piston speed

Fig. 3 The apparatus of life test
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Table 6 Termination cycle count

Termination| Internal | External En?r?rg?ce Starting
cycle count| leakage | leakage preélsure pressure
822,456 |unit NO.2 unit NO.2
937,574 | unit NO.1 unit NO.1
1,043,803 | unit NO.3
1,385,404 | unit NO.7
1,660,171 |unit NO.5 unit NO.5
1,713,796 | unit NO.6 {unit NO.6 unit NO.6
1,839,030 unit NO.8
1,913,248 unit NO.4
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Fig. 4 The analysis goodness of fitness
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Table 7 Estimation value of reliability

] Confidence level
Estimated 95%
value
lower upper
Shape 3.42529 | 1.60772 | 7.29767
parameter
Scale 1,570,912 |1,269,752|1,943,503
parameter
MTTF 1.411,822 [1,130,213|1,763,599
B, life 814,379 | 460,268 |1,440,930

Table 791 95% AZFroA9] go]E EIE2
24 @ $9o 2AXNE AL ¥ 2T
&8k S 1.607720) 1 A3 gk 7.297672 F4H
A1, HE 249 313 gk 1,269,752 08, A&
e 1,943,503A101 82 YEFstHh
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