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Abstract. On the reliability of failure data, this paper provides wide ranges of theoretical method,
and determines the effectiveness of those methods about rolling bearing. Under the reference
standard based on the empirical value of medium rank, the veracity about those methods apply to
rolling bearing would be determined with the k-s hypothesis testing, and there have a contrastive
analysis between the reliabilities and empirical values about different methods, then estimates those
methods. For the result of this paper, the veracity of lognormal distribution (L) and Weibull
distribution (W) has a great unsteadiness. However, the maximum entropy probability distribution
(M) could reply any confirmable distributions, and be suitable for poor information as unknown as
the probability distribution, apriori information and trend term. Therefore, the maximum entropy
probability distribution has a better applicability for the problem of rolling bearing’s reliability on
failure data.

Introduction

With the rapid development of science and technology, the requirements of the times have
increasing constantly, the standard become stricter. Human have a higher standard for high quality
precision equipment. The military project is strictest than others because of its special character in
numerous industries. The military power refers to the national security, so the performance
requirement on equipment for military is so significance. Rolling bearing is one of the most
important components in mechanical equipment, and that’s performance would have a great
influence about the accuracy of equipment. So it’s not allowed to have any issues on the crucial
moment, or there have an immensurable loss for person, society and nationality. Due to its
particularity, the cost is an enormous number, and the experiment strictly, we could have enough
data to analysis the reliability of new product, that causes multitudinous troubles.

At present, there have numerous studies on the method of processing failure data. Schneidewind,
Norman F make a model that includes the concept of seiecting a subset of the failure data is the
Schneidewind nonhomogeneous Poisson process(NHPP) software reliability model to get the
reliability[1]. Marcorin suggest that in order to estimate a product’s reliability, parametric inferential
methods are required to evaluate survival test data, which happens to be a fairly expensive data
source [2]. Zhang study the models involving three Weibull distributions or mixture of them [3].
John describes the application of the Solver function contained within Microsoft Excel to generate
solutions to a range of common failure data analysis problems [4-5]. Yang addresses this type of
challenging probability density evolution method (PDEM), and presents a Bayesian approach to
aggregate expert estimates on human error probabilities to determine the relationships of an HRA
model [6]. Hao builds a model uses the penalty function method to deal with the constraint function
which is changed from the equality constraint to the inequality one [7]. Li and David study the
reliability based on the fuzzy theory [8-9]. Xia provided the grey bootstrap method can be employed
to generare many simulated data with few data outputted [10].

In this paper, the analysis of failure data would processing based on the lognormal distribution,
Weibull distribution and the maximum entropy probability distribution on reliability of rolling
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bearing. As the benchmark in the empirical value of Johnson method on reliability, there have a
comparison between the lognormal distribution of two-parameter and the Weibull distribution of
two-parameter, and parameter estimation with maximum likelihood method; then contrast the
lognormal distribution with the Weibull distribution of three-parameter, and parameter estimation
with probability weighted moment method. The analysis indicates that, lognormal distribution and
Weibull distribution aren’t suitable for every situations of failure about rolling bearing, and the
result is unstable; yet the degree of fitting of maximum entropy probability distribution is perfect,
the applicability includes each situation, in addition, the relative error, with different theoretical
methods, is lower.

Experimental Investigation and Data Analysis

Experimental Installation and Condition. The testing machine’s size-suit is @12mm, and used
point-contact type. In this experiment process, the speed of motor is 3900 r/min, the operating
temperature is 26°C, and the humidity is fifty-three percent. Under loading with compression spring,
the value between cylindrical roller and steel ball is 2.55 KN, and the contact stress adds to 5.88
GPa.

Experimental Data. The failure data of this test would be distinguished to three groups, one
hour as the unit of failure data. The permutation of data each group increasingly set as one vector
quantity, “n” presents the number of failure data.

T1=[0.38,1.685,1.687,1.71,1.8,1.86,2.06,2.14,2.2,2.42,2.46,3.88,4.89,6.2,7.73,12.46,12.5,12.88,
13.33,31.97,38,57,47.5,50.2,51.77,58.71]; n=26.

T2=[0.61,0.69,1.66,1.81,1.91,1.93,2.34,2.36,2.38,3.07,3.075,3.08,3.63,11.80,12.67,14.18,14.29,1
6.27,17.84,18.83,26.10,28.00,29.79,47.52,47.86,52.91,53.15,53.57,80.20,90.11]; n=30.

T3=[1.46,1.685,1.687,1.88,2.06,2.13,2.25,2.257,2.39,2.48,2.58,4.32,4.97,8.55,11.34,12.78,15.75,
22.66,32.49,69.72,71.54,86.36,86.91]; n=23.

Parameter estimation for T1, T2, and T3 based on different theoretical methods, the result would
be showed in Table 1.

Table 1 The result of parameter estimation

1 T2 T3
_ 4=1.7859,  1=2.2075.  4=1.9500;
L-Two 5=1.3713  0=1.4681  0=1.4001
_ 1=12.0224; 7=18.6897,  =14.7678;
W-Two $=0.7589  p=0.7861  $=0.6938
=3.3308,  1=1.1823.  1=5.8718:
L-Three 4=15137;  4=2.4503;  4=1.4258;
0=1.3358  0=1.0573  0=1.5440
p=105119;  #=20.4337,  5=11.7192;
W-Three $=0.6631;  $=0.8334;  =0.5706;
=0.3655  1=-1.0515  7=0.6897

Through the parameter estimation based on lognormal distribution and Weibull distribution and
maximum entropy probability distribution, the result would be shown in Fig. 1~3. According to
these figures, the curve of three methods on reliability is nearly accord with empirical distribution,
and the degree of fitting exerted is very ideal. The significance level is 0=0.05 based on the k-S
hypothesis testing. The result of hypothesis testing would be shown in Table 2~4 for parameter
estimation. This research shows that each k-s test value of three groups of failure data have no over
the critical value, and these curves could reflect the regularities of distribution of failure data.

Then process these failure data to get the reliability with the formula of medium-rank empirical
value, lognormal distribution, Weibull distribution about two-parameter and probability distribution
of maximum entropy (the formula would be shown in another paper on theory, the same as next),
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the vector quantity of empirical value on reliability RO and the vector quantity of truth-value on
reliability estimation R1, R2, R3 would be found out, and process with the formula of standard
deviation.
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Figure 1. Reliability function graph of T1 failure data
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Figure 2. Reliability function graph of T2 failure data
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Figure 3. Reliability function graph of T3 failure data

Under the function of reliability R (t) =0.9 or 0.5, the fatigue life would be P1 or P2. Finally
combine with the standard deviation to decide which one method has a better precision.
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Table 2 Comparative result of three reliability models for T1 failure data

K-s

T s U veom SO
testing

L-Two 0.2024 0.2591 yes 0.0802 1.0295 5.9662

W-Two 0.2024 0.2591 yes 0.0899 0.6197 7.4173

L-Three 0.4615 0.2591 no nothing nothing nothing

W-Three 0.1847 0.2591 yes 0.0773

M-E 0.1631 0.2591 yes 0.0737 0.2483 5.8670

Table 3 Comparative results of three reliability models for T2 failure data

K-s

Tl g U oo S0
testing

L-Two 0.1547 0.2417 yes 0.0757 1.3854 9.0933

W-Two 0.1696 0.2417 yes 0.0685 1.0675 11.7251

L-Three 0.3627 0.2417 no nothing nothing nothing

W-Three 0.1795 0.2417 yes 0.0651

M-E 0.1140 0.2417 yes 0.0498 1.2390 9.7120

Table 4 Comparative results of three reliability models for T3 failure data

. K-s -
Theoretical hypothesis Critical Yes or no Stapdgrd p1 P2
method : value deviation
testing
L-Two 0.2400 0.2749 yes 0.0950 1.1562 7.0353
W-Two 0.2205 0.2749 yes 0.1008 0.5763 8.7075
L-Three 0.5652 0.2749 no nothing nothing nothing
W-Three 0.1907 0.2749 yes 0.0831
M-E 0.1872 0.2749 yes 0.0702 1.6342 4.9040

For the Table 2~4, these values of the k-s hypothesis testing for every theoretical methods expect
the lognormal distribution of three-parameter are less than the critical value, that indicates four
theoretical methods are suitable to analyze the reliability of failure data about rolling bearing.
However, this viewpoint is right only based on the k-s hypothesis testing, the location parameter 7 is
the minimum failure data, and should be less than zero. So the location parameter of Weibull
distribution of three-parameter for T2 has no sense that shows its boundedness.

The D-value between the standard deviations of these theoretical methods is very tiny, that
indicates these veracities. Whereas the value of P1 and P2 have a great difference between different
methods, that cause the difference of fatigue life on rolling bearing.

In addition, the value of fatigue life (t) is one of the most important standard values under the
function of reliability is 90% or 50%. Based on the maximum entropy probability distribution
because of the advantage of standard deviation, the relative error of fatigue life should be found out
under the function of reliability is 90% or 50%.

While the function of reliability is 90%:

The relative error of lognormal distribution of two-parameter as f (T1):

1.0295-0.2483

f(T1), = ooags - 3.1458 = 314.62%

While the function of reliability is 50%:
The relative error as f (T1):
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f(T1), = 5'96228;568670 =0.0169 =1.69%

The same as that, the relative error of these theoretical methods would be found out, and be
shown in Table 5.

Table 5 Comparative results of the relative error for the
different distributions of each group failure data

Rg:f(t)':’e T1L TLW T2L T2W T3L T3W
f, 314.62%  149.58% 11.81% 13.84% 29.25% 64.74%
f, 1.69% 26.42% 6.37% 20.73% 43.46% 77.56%

As the Table 5 shows, these values of fatigue life have a numerous difference while the function
of reliability is 90% or 50%, and the maximum is 314.62% incredibly, even through these standard
deviations are so close. The choice of the method has a significant effect to the veracity to predict
the reliability about rolling bearing. Depend on the curve of function of reliability, a little change of
Y would cause a enormous of X. this study determines the degree of fitting of theoretical method
with the standard deviation, so that induce the error of fatigue life.

Summary

According to the analysis of these theoretical methods, Weibull distribution has a better veracity
than lognormal distribution generally and yet has an unstable performance. However, depending on
the standard deviation and relative error, the maximum entropy probability distribution has an ideal
veracity in the intercomparison of numerous theoretical methods, and haven’t a perfect performance
on all of the analysis all the same.
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