Trans. Korean Soc. Mech. Eng. A, Vol. 39, No. 12, pp. 1305~1311, 2015 1305

<28=8> DOI http://dx.doi.org/10.3795/KSME-A.2015.39.12.1305 ISSN 1226-4873(Print)
2288-5226(Online)

SAN JIMA™ S 0|88t MY BlE|E2lo| WEo AN HIP

RN HBA et AT
s AT ADTY A H A

Reliability Evaluation of Concentric Butterfly Valve Using
Statistical Hypothesis Test

Mu-Seong Chang’, Jong-Sik Choi’, Byung-Oh Choi’ and Do-Sik Kim"

* Reliability Assessment Center, Korea Institute of Machinery and Materials

(Received July 24, 2015 ; Revised September 23, 2015 ; Accepted October 29, 2015)

Key Words: Concentric Butterfly Valve(543 WEEgto] WH), Reliability Evaluation(2124d 7)),
Leakage(*75~), Shape Parameter(3 3 5.5, Statistical Hypothesis Test(‘S- 7% 7Hd 3 4)

£ vEZeo] Wi dwron §32 245 98 AEHE §3 Aol FAe Aol
=]

ATelM= TAE MEESo] WH O TN AF AlFel HE A A dHelH A

ato] HEZ2to] MH o thdl ofolE x| JARF, S4FE R b #HE FEIH. =T A4
MRS olgste] M A AlEe] GRSt HEES e AolE AR MR A
25 A A5 AEe FAEFs fAeY, HEREEsE SRS € g Al ol 244
= FF AEA JASAIEI Y Aol did Beew A 783 AR &8d 3l

Abstract: A butterfly valve is a type of flow-control device typically used to regulate a fluid flow. This
paper presents an estimation of the shape parameter of the Weibull distribution, characteristic life, and B, life
for a concentric butterfly valve based on a statistical analysis of the reliability test data taken before and
after the valve improvement. The difference in the shape and scale parameters between the existing and
improved valves is reviewed using a statistical hypothesis test. The test results indicate that the shape
parameter of the improved valve is similar to that of the existing valve, and that the scale parameter of the
improved valve is found to have increased. These analysis results are particularly useful for a reliability
qualification test and the determination of the service life cycles.
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Fig. 1 Structure of a concentric butterfly valve
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Table 2 Failure modes and mechanisms for a concentric
butterfly valve

Main F . Failure Failure
unction .
component mode mechanism
Leak. Crack and
prevention | breakage, Crack,
Bod and protects o
ody from Looseness | Vibration
operating |of assembly| and shock
impediments|  parts
Seat Maintain Leak and | Wear and
(Seal) sea}mg of crack tear
fluid flow
| Crack and
maintamns m| fracture,
parallel to Crack,
Disc the direction| Looseness
of fluid between Shock
flow stem and
disc
Change the Bending, Vibration
Stem direction of | Switching and shock,
disc disabled | Departure
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Fig. 2 Life test equipment diagram of a concentric
butterfly valve
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Fig. 3 Pressure loading method in the concentric
butterfly valve life test
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Table 3 Life data(failed/censored cycles) of the two

life tests
Test No. of Cycles Failed/Censored
12,605 Failed
10,594 Failed
First life test
(Before 6,674 Failed
improvement) ]
6,708 Failed
12,609 Failed
10,000 Censored
21,582 Failed
Second life test
(After 19,915 Failed
improvement)
25,012 Failed
15,602 Failed
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Probability Plot for Life Cycles
LSXY Estimates-Censoring Column in Censored
(a) Weibull (b) Lognormal

—@— After improvement
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Fig. 4 Goodness-of-fit test results of the two life
tests data
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(a) | Seat (b) Disc

Fig. 5 Seat and disc surface of a failed valve in
the first life test

Probability Plot for Life Cycles
Weibull - 90% CI
Censoring Column in Censored - LSXY Estimates
Before improvement

Table of Statistics
Shape 351169
Scale 10868.3
Mean 9780.44
StDev 3085.83
Median 979116
IQR 4305.51
Failure 5
Censor 0
AD* 2565
Correlation 0914

1000 10000
Life Cycles

Fig. 6 Weibull probability plot for the first valve
life test data
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Fig. 7 Seat and disc surface of a failed valve in
the second life test
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After improvement

Table of Statistics.
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Fig. 8 Weibull probability plot for the second valve
life test data
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Fig. 9 Equality test results of shape and scale
parameters for the two life tests
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Fig. 10 Weibull probability plot for the two valve
life tests data using a common shape
parameter
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