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Analysis method of product performance degradation with
data modeling based on kernel density estimation

AN Zong-wen, ZHANG Yong-ming, MA Qiang, KOU Hai-xia

(College of Mechano-Electronic Engineering, Lanzhou Univ. of Tech., Lanzhou 730050, China)

Abstract; Aimed at the problem available now in the analysis of product performance degradation with
modeling approach such as shortage of sample data and excessive strictness of prior distribution as sump-
tion, an analysis method of product performance degradation with data modeling is proposed based on ker-
nel density estimation the determination method of the optimal window widths for kernel density estima-
tion is explained in detail, and the analysis method proposed is verified by means of actual example. The
result shows that the proposed method based on kernel density estimation can effectively deal with the a-
bove-mentioned problem, thus providing a new method for analyzing the product performance degradation
under this condition.
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Fig.1 Probability density curve
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Fig.2 Accumulative probability density curve
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Fig.3 Frequency histogram
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Tab.1 Fatigue crack length cm
FEA BATIRFRUCHL/ (O<10° YO
Uit 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12
1 0.90 0.95 1.00 1.05 1.12 1.19 1.27 1.35 1.48 1.64 1.80 2.03 2.33
2 0.90 0.94 0.98 1.03 1.08 1.14 1.21 1.28 1.37 1.47 1.60 1.74 1.93
3 0.90 0.94 0.98 1.03 1.08 1.13 1.19 1.26 1.35 1.46 1.58 1.77 1.97
4 0.90 0.94 0.98 1.03 1.07 1.12 1.19 1.25 1.34 1.43 1.55 1.73 1.91
5 0.90 0.94 0.98 1.03 1.07 1.12 1.19 1.24 1.34 1.43 1.55 1.71 1.80
6 0.90 0.94 0.98 1.03 1.07 1.12 1.18 1.23 1.33 1.41 1.51 1.68 1.82
7 0.90 0.94 0.98 1.02 1.07 1.11 1.17 1.23 1.32 1.41 1.52 1.66 1.83
8 0.90 0.93 0.97 1.00 1.06 1.11 1.17 1.23 1.30 1.39 1.49 1.62 1.77
9 0.90 0.92 0.97 1.01 1.05 1.09 1.15 1.21 1.28 1.36 1.44 1.55 1.72
10 0.90 0.92 0.96 1.00 1.04 1.08 1.13 1.19 1.26 1.34 1.42 1.52 1.67
11 0.90 0.93 0.96 1.00 1.04 1.08 1.13 1.18 1.24 1.31 1.39 1.49 1.65
12 0.90 0.93 0.97 1.00 1.03 1.07 1.10 1.16 1.22 1.29 1.37 1.48 1.64
13 0.90 0.92 0.97 0.99 1.03 1.06 1.10 1.14 1.20 1.26 1.31 1.40 1.52
14 0.90 0.93 0.96 1.00 1.03 1.07 1.12 1.16 1.20 1.26 1.30 1.37 1.45
15 0.90 0.92 0.96 0.99 1.03 1.06 1.10 1.16 1.21 1.27 1.33 1.40 1.49
16 0.90 0.92 0.95 0.97 1.00 1.03 1.07 1.11 1.16 1.22 1.26 1.33 1.40
17 0.90 0.93 0.96 0.97 1.00 1.05 1.08 1.11 1.16 1.20 1.24 1.32 1.38
18 0.90 0.92 0.94 0.97 1.01 1.04 1.07 1.09 1.14 1.19 1.23 1.28 1.35
19 0.90 0.92 0.94 0.97 0.99 1.02 1.05 1.08 1.12 1.16 1.20 1.25 1.31
20 0.90 0.92 0.94 0.97 0.99 1.02 1.05 1.08 1.12 1.16 1.19 1.24 1.29

21 0.90 0.92 0.94 0.97 0.99 1.02

1.04 1.07 1.11 1.14 1.18 1.22 1.27
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Tab.2 Augmented data of original fatigue crack length cm

FEA FEAA %

Gii 5 1 2 3 -+ 9998 9999 10000
1 0.92  0.94 094 -+ 0.92  0.93  0.94
2 0.96  0.94 098 -+ 0.96  0.98  0.96
10 1.58  1.19  1.30 .- 1.42 1.55  1.18
11 1.25  1.49  1.55 .- 1.33 1.52  2.03
12 1.83  1.72  1.40 .- 1,93 1.35  1.93
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Tab.4 Optimal window width of each data set

FEAR G 5 1 2 3 4 5 6
REER S 0.0045 0.0025 0.0050 0.0075 0.0100 0.012 0
FEA G 5 7 8 9 10 11 12

AERE S 0.0150 0.020 0 0.0250 0.0320 0.042 0 0.050 0
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Fig.4 Probability density curve
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Fig.5 Accumulative probability density curve
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Tab.5 Accumulative probability density values corresponding

to first set of augmented sample data

xj 0.942 0 0.939 8 0.936 7 0.931 4 0.928 7
y 0.900 0 0.800 0 0.700 0 0.600 0 0.500 0
x; 0.923 7 0.921 2 0.919 7 0.912 0
y 0.400 0 0.300 00 0.200 00 0.100 0
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Tab.6 Accorresponding to the Accumulative probability den-

sity corresponding to load cycle times at (0.9 instant

—,
ﬁfﬁ”’ﬁ K 0.01 0.02 0.03 0.04 0.05 0.06
H/OX10° YO

x 0.942  0.982 1.034 1.080 1.136 1.204
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Tab.7 Model parameters and fitting accuracy at different instants

- i 2]

0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
P 88.94 69.05 56.48 47.93 41.94 32.70 24.84 15.47 2.18
P2 —2.009 —0.7108 0.1325 0.593 1 0.551 8 1.063 0 1.357 0 1.818 0 2.692 0
p3 0.991 3 0.961 7 0.951 2 0.936 7 0.936 7 0.924 8 0.918 6 0.925 8 0.885 1
R? 0.993 0.997 0.997 0.998 0.997 0.997 0.997 0.998 0.993
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Fig.7 Relationship of failure probability to load cycles times
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