Life Analysis of Flexible Tubes Fitting for Pneumatic system
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Abstract

In this study, we are to analyze the life and the main failure mode of flexible tubes fitting for pneumatic
that are usually applied in the factory automation line. Flexible tubes fitting for pneumatic have complicated
failure cause because they are organized as a complex of various elements. Therefore, in this paper, we
analyzed the main failure mode of flexible tubes fitting for pneumatic, and then performed life test and
performance test according to the international standards. On the basis of these processes, we estimate shape
parameter that is the main factor for the calculation of test time for the reliability of flexible tubes fitting for

pneumatic and their data analysis of life distribution.
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Fig. 1 Structure of Flexible Tubes Fitting

Table 1 Analysis of failure mode and failure mechanism

Failure Failure
Function Mechanism
Mode
and Cause
impossibility wear,
Release tube
. of tube @| fracture,
Push opening .
opening caught
impossibility
. release push | of release wear,
Guide transferring push @ fracture
transferring
tube tube
Chuck fixation separation ©| fracture
. leakage wear,
Packing prevention leakage | @ fracture
Table 2 Criticality matrix analysis
High @ @ €)
Failure .
severity Medium @
Low
Failure frequency Low Medium High
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Table 3 Failure mode effects &criticality analysis

Table 5 2-stage quality function deployment

i Evaluation . .
Failure Effects of Test A Impressi
Mode failure Frequ |Seve | Qitc o Alirtig Repeat | oy || jfe
ency | rity | dity @Y | test | 1O inensity | test
Failure et test test
impossibility
impossibility of tube
Release |t 4 he . low |high | 5 Tube
Push . opening &
opening open 14 © O
leakage impossi
ble
impossibility | impossibility Release
. of release _ _ push
Guide push oftu_be mid | mid | 5 transfer | 10 O O
transferring opening impossi
ble
b tube_ seTpL;tr):te 26 © © © ©
Chuck tbe | separation | Lo pion | g
separation by air
pressure Leakage 20 O © A @)
Packing Leakage Lg?ka‘??e mid |high | 7 Score 138 178 100 150 302
Priority 4 2 5 3 1

Table 4 1-stage quality function deployment

Release . .
Push Guide Chuck |Packing
Failure
Release
Tube open push Tube
. : leakage
impossible | transfer | separate
impossible
Function
High
outflow A ®
capacity
Alrtight
4 © ©
Capactty
' ©
. O
operation
Endurance
of O A
pressure
Life O O © A
Score 14 10 26 20

Moastimportance ©(9), Importance OF), Commonness A (3)

Mostimportance ©(5), Importance OF), Commonness A (1)
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Table 3 Termination cycle count

Termination
e count Chuckfracture Result
1,291,949 unitNO.19 failed
1385421 unitNO5 failed
1426873 unitNO.7 failed
1456321 unitNO.6 failed
1553579 unitNO.15 failed
1613529 unitNO.17 failed
s B i 1658964 unitNOS foiled
4, 7|4 i nmEe =HEA 1720415 unitNO.18 failed
184314 unitNO4 failed
41 37|¢8 &z miel =9 o2 1,865424 unitNO.10 failed
ZIAIF-ES] s el = A 3ek ofo] 1904867 witNO14 failed
S BEX = ¥4 E4(shape parameter), T HI4 1913702 NitNO.20 failed
m o] % E/\ ) ° "y h b
(scale paratmeter)‘x £ ]E T(Iom_:atlon paEramezter)_A 236743 NOS tiled
gholl wet #ad v3E, 94 2FE, S - -
o ol mersh o Bye wd & o o) 2581521 UNtNO.13 failed
—]——";g"ﬁ_ g ‘:}oi T W= A o= T M(H unitNO.L unitNO.2. unitNO.3
A dole EAd 7 de] ARgdr) 2581,785 unitNO.]llnitNO.lZy LnitNO.iG censored
3 B4 stoll R gEuURdrE e | |

3 W sol@ SRyl ga My Hrw
e BAFE SHEESR), A8 s Fig. 3 Fitting failure by chuck fracture
=1 e = =L~ o) =1 o
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< 4 Probability Plot for Cycle
:‘q' ZE]_‘ O] ]/}'ﬂ'% T 9}\]‘4'( ) LSXY Estimates-Censoring Column in Censor
Weibull 3-Parameter Weibull ¢ D"Q‘af;‘/’;; T"‘”e“‘
t s (2) * 0 3-Paml::l§rsweibu\l
— B 7/ .. 50 L, 50 0.990
F(t)=1- exp{— ( o
77 & 10 2 10 Normal
0.903
t - 7/ ﬂ (3) & 1000000 1500000 2000000 2500000 110000 100000 1000000 10000000
R(t) — exp _ Cycle Cycle - Threshold
77 Lognormal Normal
A1
t _ 4 . 90 . 90
//i,(t) = [ﬁ](y ( ) g 50 Cind 50 Ll
77 77 ° 10 B 10
11000000 2000000 B 1000000 2000000 3000000
Cycle Cycle

A Fig. 4 The analysis goodness of fitness
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Distribution Overview Plot for Cycle
LSXY Estimates-Censoring Column in Censor

Table of Statistics
Shape 1.11261
0.00000075 % Scale 988191
Thres 1247877
50 Mean 2197876
StDev 855164

Probability Density Function 3-Parameter Weibull

., 0.00000050
a Median 1958724
10 IQR 1002885
Failure 14
Censor 6
AD* 38.088
Correlation  0.990

o
0.00000025

Percent

0.00000000
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2000000 3000000 4000000 5000000

Survival Function
100 0.0000014

Hazard Function
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2
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Fig. 5 Overview of weibull distribution

Probability Plot for Cycle
3-Parameter Weibull - 95% CI
Censoring Column in Censor - LSXY Estimates

Table of Statistics
Shape 1.11261

Scale 988191
80 Thres 1247877
70 ) Mean 2197876
60 StDev 855164
Median

1QR

304 Failure
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T T T
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Fig. 6 Weibull probability plot

Table 4 Estimation value of reliability

Estimated Confidence level 95%
value
lower upper

Shape

1.11261 0.722556 1.71322
parameter
Scale

988,191 629,562 1,551,112
parameter
Location

1,247,877 - -
perameter
MTTF 2,197,876 | 1,799,794 | 2,684,007
B, life 1,378,625 | 1,252,716 | 1,517,187

Table 7 ol 95% A1 F-7ko A 2] fo]E F-3r 9]
=l T FAAZ BASAT JAF 2
o] &3 k& 0.722556 o]al A3k gk 1.71322
2 FAHNY, HE B & 3k 629,562
3 kS 1,551,112 Alo]l Z & el
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