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Life Analysis of Pneumatic Valve

Bo-Sik Kang, Seung-Hun Lee, Kyung-Soo Kim, Nam-Gu Lim and Hyoung-Eui Kim

Key Words :  Distribution(2}-o] &+32), Failure Mode(a27 5. =), Life Test(5= A1 &), Pneumatic

valve(- 7] ¢t # B), Weibull
Abstract

In this study, we are to analyze the life and the main failure mode of pneumatic valves that are usually
applied to the factory automation line. Pneumatic valves have complicated failure cause since they are
organized as a complex of various elements. Therefore, in this paper, we analyzed the main failure mode of
pneumatic valves, and then performed life test and performance test according to the international standards.
On the basis of these processes, we estimated a shape parameter that is the main factor for the calculation of
test time for the reliability of pneumatic valves by analyzing life distribution data.
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Fig. 1 Structure of Pneumatic Valve

Table 1 Analysis of failure mode and failure mechanism

Primar Failure Failure
y Function Mechanism
components Mode
and Cause
; failure in motion
openéng change @] impossibility
Adapter an g of piston
closing design
ipeline
PIP leakage @ inferiority
impossibility inflow of
opening of 3 foreign
and change / substance and
Spool closing adhesion adhesion
pneumatic wear and
pipeline leakage @| damage in
seal
impossibility inflow of
of © foreign
change / substance and
changing adhesion corrosion
Plunger - RTT
valve port | impossibility
change of
of ®| magnetic
change / g o
g characteristics
magnetization
. inferiority of disconnection
generating applyingan |(@)| and electric
Solenoid | electroma PPIYINg
. . electric current leakage
coil gnetic - -
force electric material
leakage inferiority
impossibility
. of degradation /
Spring return .
change / corrosion

transformation
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Table 2 Criticality matrix analysis

Table 4 1-stage quality function deployment

. High @® 06 @ Adapter | Spool | Plunger Soler?0|d Spring
Failure - ) coil
severity Medium ® Failure impossibi | inferiority
. .| lity of f i ibi
- Low @ : failure in impossibi cl:a)r:;e/ a cI)in In?:JtS/s;:‘l
Failure frequency Low |Medium | High lity of . PPYIng
change / change / adhesion |an electric | change /
leakage a dhesgion / current/ |transform
magnetiz | electric ation
Function ation leakage
i iticali i Anti-
Table 3 Failure mode effects &criticality analysis i © ® O A A
pressure
Evaluation Anti-
Primary Failure Effects of  [Freq o corrosion O © © o ©
. Sever it :
components | Mode failure uenc | 4" |y Anti A o O o O
y wear
functional Durabilit
loss of y © o o © o
o directional Score 14 20 16 12 14
failure in cor_ltrol / high| high | 9 Mosti o), | %) ress A (1)
change deterioration mportance mportance Common
Adapter of
responding . .
characteristics Table 5 2-stage quality function deployment
leakage eflfci)cszfeﬂt:y mid | mid | 5
impossibility Test Minimum | Minimum
of directional Leakage | shifting shifting | Endurance
impossibilit control / pressure current
y of change | deterioration | high| high| 9 Failure
Spool / adhesion of
responding Adapter|14| O O © ©
cha_racterlstlcs spool | 20 O O A O
internal . .
leakage leak high| mid | 7
__caKage Plunger | 16 O @ A ©
impossibility _
of directional Solenoid| 1, | A ©) ©)
impossibilit | control / coil
y of change | deterioration | high| high| 9 ; A A A
/ adhesion of Spring | 14 ©
responding Score 324 248 180 380
Plunger characteristics
impossibilit deteriorati Priority 2 3 4 1
of change eterioration -
y | of ow | mid | 3 Mostimportance © (), Importance O (3), Commonness A (1)
R responding
magnetizati -
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inferiority 3. A[@ 7|2|._<- gl my} l:gl:él
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leakage | functional 2 g7t FEA pEd FAL Aol AL
deterioration T8 39t}
impossibilit 7 A gig Ald a w2 w7
. y ofchange | i ceriority of =06 Lo L .
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Fig. 2 circuit of endurance test
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Fig. 4 The degradation analysis of leakage data
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Table 6 Termination cycle count

No Termination Cycle Count Sample Number
1 6538331 wnitNO3
2 7109514 unitNO9
3 7190672 wnitNO.7
4 7433200 wnitNO6
5 7532352 wnitNOA
6 7,606662 wnitNO5
7 7907989 wnitNO.1
8 8037692 wnitNO2
9 9644651 wnitNO8
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Fig. 5 The analysis goodness of fitness
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Fig. 6 Overview of 3-parameter weibull distribution
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Table 7 Estimation value of reliability

Confidence level 95%

Estimated velue
lower upper
Shape parameter 2.03 1.25596 | 3.28604
Scale parameter | 1,774,130 |1,262,097 |2,493,896
Location parameter | 6,098,279 - -
MTTF 7,670,160 |7,156,378 |8,220,828
B,, lie 6,684,294 |6,275,067 (7,120,208

Table 7 © 95% 2= -7t A o] 9fo]E ]
a9 Fyol FAHXE ZAEIH. Y B
(Shape parameter) g ] shg+ k> 1.25596 ©]iL %
3 ke 328604 & FAEUIL, HE K (Scale
parameter) 7 9] 3k Fk2 1,262,079 Cycles, 73k
7L 2,493,896 Cycles 2 L}EFRETE
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o #5H FHdelH ] AgE s Fs
of ghela XS VY AdH ] FRwER A
At
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Spol &
= =2

£ vtge 0

1,774,130 Cycles, B4 (MTTF) 7,670,160
Cycles, B, 6,684,294 Cycles = 433t}
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