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Abstract: Data points obtained by conducting repetitive experiments under identical environmental conditions are,
theoretically, required to correspond. However, experimental data often display variations due to generated errors or
noise resulting from various factors and inherent uncertainties. In this study, an algorithm aiming to determine valid
bounds of input variables, representing uncertainties, was developed using probabilistic and statistical methods.
Furthermore, a reliability assessment was performed to verify and validate applications of this algorithm using bolt-
fastening friction coefficient data in a sample application.
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Fig. 1 General normal distribution
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Fig. 2 The distribution and histogram of real data
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m }_ 1%t step : Goodness of fit test

: Rejecting inappropriate models from given data

m
Candidate models } 24 step : Model selection

: Selecting distributions according to order of priority

) BIC) } 34 step : Maximum Likelihood Estimation

: Estimating the parameters of first priority model

&Parameters
Fig. 4 The flowchart of sequential statistical modeling
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Fig. 5 The improved sequential statistical modeling
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Fig. 6 Histogram of data and Weibull distribution
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Fig. 7 Histogram of data and kernel distribution
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Fig. 9 The flowchart of improved statistical area metric
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Table 1 Constant value within torque formula

B
ofN

R

Table 2 Condition about combination of bolt-fastening

d (mm) P (mm) d, (mm) d, (mm)
10 1.25 8.647 9.188
d; (mm) D,,(mm) ,(MPa) A, (mm”)
8.466 45.36 940 61.199

..... VAN
AN
Distribution of random o Safe Failure
sampling data x; F(x) o / afe ‘
L, p ‘
/\ e I

Distribution of

Distribution of random
sampling data x5

Fig. 10 Monte-Carlo Simulation
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Fig. 12 Equipment of axle force for bolt-fastening

72 OEAS delge] He 22 FF

SuE 700 A, yAbE mpEASE HlolE
A W A B A AN ANE w49 E
AREFE S o] &3kt

Ae, A ohE A
s HJE FAson, ol td ZAIE Table
3] YERATE A wpEAS wlolE 9] K-S
test A3 P-valueZ7b o 0.05HTE 22 3
vl ¥ (Gamma distribution) S A €]t 12| 57)
o FH EXx7F A AbE wEAS )
°o|H ] K-S test A%+ 67 FH FEVF BF A
& & AT}

2 dEw MLEZ 33k Ayt yAabd at
ZAG dloly 2% Ad #E (Kernel distribution)
7V 7HE #e AsE = Uk o] Aol ot
Table 4} o] A2, YAbA A4 ol E ¢
AReEs wF AY 2¥/h 44590,

2 e, oAb S dolEe] 8 aE
1259 FE X SEEEESE Fig 137
Fig. 140 vetlilon MdA4dd 71 #sk %

Zhzte] elolee] A%



=24 BgdAdS WA

o

SERESE

o

= A 7

fi 99l

4%

[e}

PR E R

Table 3 The result of sequential statistics modeling for bolt-fastening friction coefficient given data

Candidate distribution Gamma Log-logistic Log-normal Weibull Normal Kernel
. Selection < O O O O O
Bearing
surface K-S test 0.0479 0.1900 0.0605 0.0692 0.0501 0.9879
MLE - -13.4887 -12.4492 -10.4643 -10.1829 -30.0672
Selection O O O O O O
Thread K-S test 0.7184 0.8427 0.7582 0.7820 0.8037 0.8215
MLE -15.2731 -14.9290 -15.1454 -15.9040 -15.3844 -16.0995
Table 4 Selected appropriate distribution of friction coefficient for given data
Friction coefficient Bearing Surface Thread
Selected Distribution Kernel Kernel
Table 5 The result about determination number of minimum experiment for given data
Number of given data Minimum number of experiment 1Apop, IAN n-1 IAN n-2 14 ¢
. N—1: 86 0.9874 0.9840 0.8959 0.9000
Bearing surface: 7
N: 87 0.9880 0.9842 0.9002 0.9000
N—1:65 0.9867 0.9815 0.8946 0.9000
Thread : 7
N: 66 0.9870 0.9823 0.9110 0.9000
Table 6 The result about determination number of minimum experiment for adding data
Number of given data Minimum number of experiment 1Apop N IAn -1 IAn n—2 14 ¢
Bearine surface: 67 N—1:59 0.9884 0.9850 0.8849 0.9000
& ' N: 60 0.9885 0.9852 0.9012 0.9000
Thread : 67 N-—1:49 0.9877 0.9835 0.8954 0.9000
N: 50 0.9880 0.9833 0.9100 0.9000

Table 7 The result of sequential statistics modeling for bolt-fastening friction coefficient summation data

Candidate distribution Gamma Log-logistic Log-normal Weibull Normal Kernel
) Selection X O X X X O
Bearing
surface K-S test 1.19e-5 0.2120 1.02e-4 5.58e-7 2.56e-7 0.8080
MLE - -183.2864 - - - -214.2295
Selection @) O O O O @)
Thread K-S test 0.2068 0.5300 0.1680 0.9039 0.3158 0.8986
MLE -156.6113 -155.8848 -155.8513 -159.4873 -157.8398 -161.2939
Data PDF Plot Data PDF Plot
140 T T T 20 T T T
[ Data N Data
120 Kernel | | B Kemel | |
Log! 6l Whl
100 14 |
> 80 [ > 12
g E 10
Q 60t a

0 0.05 0.1
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Fig. 13 Distribution plot and data histogram of
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Table 8 Selected appropriate distribution of friction
coefficient of adding data
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Table 9 95% Confidence interval of friction coefficient

Friction coefficient Bearing Surface Thread
— - - S —
FrlCtl.OIl ?oefﬁ01ent Bearing Surface Thread 95% Confidence 01055 ~ 0.2817 0.1839
Distribution Kernel Kernel Interval 0.2819
Table 10 The result of Monte-Carlo simulation
95% Confidence interval | Number of Sampling data | Reliability (%) Failure Probability (%) £10c (%)
1000 99.50 0.5000 89.2188
10000 99.36 0.6400 24.9199
81.119 ~ 141.651 100000 99.31 0.6900 7.6209
200000 99.29 0.7100 5.2680
300000 99.28 0.7156 4.2008
400000 99.27 0.7255 3.6991
Data PDF Plot Data PDF Plot
50 T T T T T 20 T T T
[ Data [ Data

Kernel | |
Logl

02 025 03 035 04
Data

Fig. 15 Distribution plot and adding data histogram of y,
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