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Abstract. Among the running faults of railway freight cars, wheelset faults still occupy a very
large proportion in all operation faults. These faults seriously affect and threaten the operation
safety of railway freight cars. Focusing on the data of the operating mileage of C80 wheelset,
application of the two-parameter Birnbaunm-Saunders (BS) fatigue life distribution and the
Weibull distribution are introduced and reviewed for analyzing the data of three high-risk wheelset
faults, namely the wheel diameter difference, the circumferential wear of the tread and the location
depression of tread. The analysis results show that the application of BS fatigue life distribution
in the prediction of wheelset reliability is feasible.

Keywords: railway freight car, wheelset damage, Weibull distribution, Birnbaum-Saunders
fatigue life distribution, operational safety.

1. Introduction

As for the railway freight car, the operational safety is commonly affected by the reliability of
the wheelset. Unfortunately, the failure of wheelset frequently occurred during the train in service,
such as wheel diameter difference, the circumferential wear of the tread, and the location
depression of tread [1]. According to the standard ‘Railway freight car axle assembly, maintenance
and management rules’ (TG/CL 224-2016) [2], there are high standards for the maintenance and
repair procedures of wheelset in the part 4.7, especially for the high-speed and heavy-haul railway
freight car.

To investigate the wearing mechanism of wheelset, different methodologies have been studied
to predict the wear of railway wheelset in recent years, especially in the rolling contact fatigue
[3-5]. But the predicted result is not accuracy due to the less and dispersibility experimental date,
as wheelset damage is a time-consuming test. Since the failure of wheelset is a random process,
therefore, the mathematical statistic methodologies have been conducted to predict the wearing
life of wheelset in many works, such as the statistical distribution [6], the Fastsim algorithm [7]
and the time-to-failure distribution [8]. Lin and Asplund [9] also used more complex Weibull
frailty model to model the data for a sample of locomotive wheels. Besides, literature [10, 11]
point out that Birnbaum-Saunders (BS) fatigue life distribution has more advantages in processing
failure data based on fatigue mechanism. In addition, there are few studies about the rule of failure
from the relationship between the frequency of wheelset depot-repair and its operating mileage.

In this paper, the wheelset of C80 is the research object. The contribution of this work is to
analyze the depot-repair data of wheelset by comparing the Weibull distribution and BS
distribution, which applies the BS distribution to the field of wheelset failures while
simultaneously considering the relationship between wheel damage and operating mileage. The
characteristic curves of the wheelset with serious faults are obtained.
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2. Experiment and statistics model
2.1. Statistical analysis of data

This paper selects the wheelset of C80 heavy-haul freight car owned by one railway company
as a case study, which contained the unit running miles (cumulative mileage).As can be seen from
the statistical Table 1 of C80 train wheelset maintenance, among the 15354 inspected wheelsets,
there are 5346 wheel diameter difference exceeded, 4896 tread wear exceeded, 4292 local tread
depression, and rim thickness over limit 228, with 586 tread stripping. Apparently, there are
generally multiple kinds of faults co-existing in the depot repair, the main fault types of the railway
freight car wheelset repair in this operating unit are wheel diameter difference exceeded (34.82 %),
excessive wear of tread circumference (31.89 %), and local depression of tread (27.95 %). The
three types account for about 94.66 % of the total depot record. The flange thickness over limit
(1.48 %) and tread stripping (3.82 %) account for relatively smaller.

Table 1. Statistical table of C80 wheelset maintenance

Fault type Number of failures | Frequency of failure (%)
Wheel diameter difference exceeded 5346 34.82
Excessive wear of tread circumference 4896 31.89
Local depression of tread 4292 27.95
Flange thickness over limit 228 1.48
Tread stripping 586 3.82

According to the depot-repair data of C80 wheelset, the data after the mileage of 700,000
kilometers were selected for statistical analysis of small specimens. The number of specimens of
the wheel diameter difference exceeded was 128. The excessive wear of tread circumference and
the local depression of tread were selected 27 and 93 respectively for reliability analysis.

2.2. Mathematical model
The Weibull distribution, as well as its modified form, can describe various shapes for the
failure rate functions and is widely used in modeling lifetime in reliability engineering [12]. The

cumulative distribution function (CDF) of the two-parameter Weibull distribution can be
expressed as:

F(x) =1—exp {— (;—C)g}, x>0, (1

where: 6 > 0 is the shape parameter; n > 0 is the scale parameter or characteristic life.
Accordingly, its probability density function is:

fx)= %(;—6)9_1 exp {— <%)9}, x> 0. )

The corresponding reliability function is:
2\ 9
R(x)=1—F(x)=exp{—(ﬁ) }, x> 0. 3)

The Birnbaunm-Saunders fatigue life distribution was first proposed by Birnbaum and Sauders
in 1969 [13]. Since the BS distribution is introduced from the basic characteristics of the fatigue
process, it has been widely used in mechanical product reliability studies. Suppose that x obeys
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the two-parameter Birnbaum-Saunders fatigue life distribution BS (a, 8), and its distribution
function F (x) and probability density function f (x) are as follows [14]:

{G-6)) -

U S P X (a4
f(")‘zaﬁ(ﬁUﬁ)"’aJ;; j; , x>0, )

where: @ > 0 is called the shape parameter; f > 0 is called the scale parameter:

F(x;a,p) =@

1 2 x
o) ==ew(-5). ew = [ sma ©)

3. Results and discussion

The specific reliability analysis is made on the repair data of wheel diameter difference
exceeded. Fig. 1 is the probability density diagrams of Weibull (WBL) model and BS model of
wheelset diameter difference depot-repair data. Fig. 1(a) and Fig. 1(b) show that the probability
density functions of both models present a continuous upward trend, reaching the highest point at
about 1 million kilometers, which also verifies the relationship between the operating mileage and
the reliable operation of the wheelset. With the increase of train running mileage, the vehicle safety
index gradually becomes worse, the wheelset reliability gradually declines. After the train reaches
a certain mileage, the probability of vehicle failure rapidly increases. The two fault types of the
tread are related to the wheel diameter difference, and the results of data processing are similar.
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Fig. 2. Reliability function curve of wheel diameter difference
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In this research, the least square estimation (LSE), inverse moment estimation (IME) and
maximum likelihood estimation (MLE) are used to solve the Weibull model parameters of wheel
diameter difference overrun fault data, and the curves of the three reliability curves obtained are
shown in Fig. 2.

According to Egs. (1-5), combined with the data processing method in the paper [15] and the
curve comparison results in Fig. 2, the maximum likelihood method is adopted to identify the
parameters of Weibull model and BS model. The results are shown in Table 2.

Table 2. Parameter estimation results

Weibull parameter estimation BS parameter estimation
Shape Scale Shape Scale
Fault type parameter parameter Fault type parameter parameter
(6) U)) (@) (5]
Wheel diameter Wheel diameter

difference exceeded 3859 109.852 difference exceeded 0.144 100918
Tread c1rcumff:rence 6.662 104383 Tread c1rcumference 0.157 08 546

wear limit wear limit
Local depression on 4730 115.971 Local depression on 0.127 105.427
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Fig. 3. Reliability characteristics of wheelset

In Fig. 3, the three figures a), b) and c) are the reliability characteristic diagrams of wheel
diameter difference exceeding limit, tread circumference wear exceeding limit and local
depression of tread, the marked lines in the figure are the reliability characteristic curves fitted by
Weibull model and BS model respectively.

In addition, it can be seen from Fig. 3(a, b) that the reliability curves of the two types of faults,
namely, the wheel diameter difference exceeding the limit and tread circumference wear
exceeding limit, have similar trend. It can be seen that the two faults are closely related, and the
wear of two wheels of the same wheelset is not the same, which will lead to an increase in the
frequency of the wheel diameter difference exceeded. Compared to the reliability curve obtained
by the Weibull model, the reliability curve obtained by the BS model gives a relatively
conservative wheelset maintenance mileage. Therefore, the minimum scale parameter (98.546) of
the BS model is selected as the minimum maintenance mileage limit.
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In Fig. 4, the marked lines a, b and c are respectively the reliability curves of wheel diameter
difference exceeded, excessive wear of tread circumference and the location depression of tread,
which fitted by BS model. It can be seen from the figure that the three types of reliability curves
have the same downward trend, but the rate of decline is different. The curve of tread
circumferential wear drops the fastest, indicating that the C80 wheelset in operation has a serious
failure rate of the wheelset tread circumferential wear. According to the BS model characteristic
parameters of the tread wear data obtained in Table 2, it is necessary to ensure that the wheelsets
are fully overhauled before the train runs to 98.546 million kilometer.

07—

Probability

04—

0.1 1 1 1 1 1 1 1 1 1
7 75 8 85 10 105 11 15 12

95
Mileage (km) x10°

Fig. 4. Reliability function curves of wheelset
4. Conclusions

Through the sampling statistical analysis of a large number of railway freight car wheelset
repair data, the characteristic values and reliability curves of the C80 wheelset is given by
comparing the application of Weibull distribution and Birnbaunm-Saunders distribution on the
wheelset maintenance data in this paper. The reliability curves of wheel tread circumferential wear
and wheel diameter difference decrease rapidly. The results show that the BS distribution presents
the applicable capability and effectiveness for analyzing the depot-repair data of wheelset. In
addition, it is necessary to ensure that the wheelsets of C80are fully overhauled before the train
runs to 98.546 million kilometers.
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