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Abstract

The sub-station has direct impact on the reliability of coal mine safety monitoring system reliability. The mine
sub-station reliability of expected value and accelerated life test of the reliability value is given by setting the number
of tests Censored Bayesian methods and Fixed Number Truncated of constant-stress accelerated methods on
sub-station reliability research, and a sub-station with the voltage changes in the average life expectancy curves is
simulationed. Through research we can see that the two methods to verify the reliability of the results of similar, and
thus proved the scientific nature of the two methods.
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1.Introduction

Coal mine production safety monitoring system ! is an important component of the safety of cola
mine production. The reliability of sub-station which is one of the component equipment of monitoring
system has directly affected the reliability of the whole system. Therefore, it is necessary to study the
reliability of sub-station.

This paper use Censored Bayesian methods and Fixed Number Truncated of constant-stress accelerated
methods on sub-station reliability research.

2.Censored Bayesian Methods on Sub-station Reliability Research

First, we need the following theorems when we use statistical inference to infer the data which come
from Censored Bayesian test that is about exponent unit.
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2.1.Theorem 1

The fault probability of exponential distribution unit is A , probability density function
1S f (l‘)=/7,e_h, and distribution function is F’ (t)=l—e_h. We have n test specimen, fault

observations of the first z are {;<to<t3<...<t,(z<n). Total time is 7 = Ztl. + (n -z )t to no replaced

z
i=1

fixed number truncated test, so 247 submit to x* distribution whose DOF is 2z. Therefore,
20T~ X5,
2.2.Theorem 2

Total time is 7 =nf, to replaced fixed number truncated test , so 2A7 submit to Xx°

distribution whose DOF is 2z.
Therefore,

2
2AT ~ X5,

Because of 247 ~ xzzz , the conditional probability density of 7 is

F(7]2)=T(c]2,2) =2zl

r(z)

The conjugate prior distribution density of A take fo(ﬂ)z fo(ﬂ|zo,ro), according to

Bayesian theorem, the posterior distribution of the density of A
f@Alz0)= DD [ (D (] DA
=T(4]zy,7,+7)

For a given degree of confidence r the failure rate ceiling A, , of the Bayesian method content

r=P(A<,B)=["" f(2|z7)A

_ Jjuﬂ (1’ " 2’0 )zo+Z/120+z—lefﬂ(T+rO)d/1
F(zo + Z)

= IZ,U’B(T+T0) (ZO + Z) (1)

Expression [ A0 5(r+50) (Zo +z ) —parameter as z, +Zz incomplete I function.
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Equation (1) use of variable substitution A (T + Z'O) =1, . Thus, for a given degree of confidence
level r the failure rate ceiling ﬂu, » of Bayesian Approach, through the incomplete ' function r
downside quantile /1U c (T +7, ) obtained.

2 (T +7, ) positive integers:

_ .2
ﬁ'U,B _x2(zo+z),r/2(T+T0) (2)

Clearly, the Bayesian method using prior information and, therefore the maximum assessed value of
the failure rate ceiling ZU » 1s smaller, that is, as long as the great reliability assessment.

The average life expectancy MTBF, given the reliability R(to) at any time /, and the
corresponding life expectancy?, , corresponding to the lower limit of Bayesian methods MTBF) ,

R, 5 (to) v lp, 5 respectively,

MTBF, , = ——

B
R, (to ) =exp (_to/IU,B )

lln 1

t =
o ﬂ’U,B RL,B (to)

3

According to MTBF =1/ A and random variable function of the density rule that could obtain the
average life expectancy of MTBF density of the posterior distribution of

o MTBF(*ZO+z+l)e_ (TO + T%

+
o(MTBF | z,7)= Lot D"
=I,(MTBF |z, + z,7, + T)

I'(zy +2)

(4)
Formulal’, (M TBF | zy +z,7, + T) —parameter is z, +zand 7, + 7 inverse I distributions.

According to R = exp (—toﬂ) and random variable function of the density rule that could obtain the
reliability R density of the posterior distribution of

(77 + Z'O /to )zo+z R:T(:H]_l (_ln R)ZO+Z—1
F(ZO +z)

=LI'(Rlzy +z,m+7,/1,)

h(R|z7)=

(5

Formula 77 = 7/t,—Equivalent number of tasks;

LF(R|ZO +z,m+7, /l‘O) —parameter is Z,+z and 77+7,/f, negative logarithm of the
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I distribution .
First, we give prior information to z, = 0.6 , 7, = 2000/ , confidence level7 = 0.95 .The results

are as follows, when the number of failure z = 1to stop testing, testing a total time are 7 =2997h . We
use Bayesian methods and equation (2), (3), (4), (5) to calculate the failure rate ceiling,the average annual

life expectancy, reliability lower limit. The results listed in Table 1.
Table 1 Bayes method Evalution

/1U B 4.5147x10* (1/h)
MTBF, , 2 - 215x103(h)
Bayes method
-1
RL,B 6 - 36691x10
Lrip 9 - 9998x10' (h)

3.Mine Sub-station Constant-Stress Accelerated Life Test Analysis

The test environment of humidity, dust, gas, voltage fluctuations are setted in accordance with the
worst-case', sub-stations of the normal working temperature is high, the normal working voltage of 9V ~
24V, the maximum allowable fluctuation of plus or minus 25 percent. The following use of censored
constant constant-stress accelerated life testing of substation for analysis. Set fore acceleration voltage
levels were 15V, 18V, 25V, 35V.we can learned from similar products that the electronic device life
distribution is exponential distribution, but different from the average life expectancy. Each sample size is
15.Four acceleration voltage level , sample size and failure shown in table 2. Take the Fixed Number
Truncated Test as this condition and obtain failure time list shown in Table 2 (I[ ) . On this basis,

calculatIn MTBF, of unbiased estimates &, ", the results shown in Table 2 (I1T) .
The parameters a and b’s estimated value and & (2, v — 1) of accelerate model could according to

reference® to obtain, & =0.181323, &, =& =0.068938, It can be calculated the following

values, so it can be
Table 2 Data of constant-stress Accelerated life testing of Substation

Acceleration | g1_15 | 518 | §3-25 $4-35
pressure level
I Sample nl=15 n2=15 n3=15 n4=15
Failure Number r1=6 2=10 r3=10 r4=15
56 6 1 1
76 45 5 3
Failure dead
il time t[j 85 65 44 7
Unit: hours
124 82 46 7
145 87 65 8
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164 114 71 18
118 95 21
131 99 21
143 108 23
157 109 24
26
36
37
37
44
T" 2126 1733 1188 313
InT" 7.6620 | 74576 7.0800 5.7462
i}
o(r) 17061 | 22518 | 22518 | 26742
0, 59559 | 5.2058 4.8282 3.0720
4 4
> &M (InS) D &0 - Z.»; InS, Z.»; InS,)
a=- . —14.8774
4 4
1Y EN(Ins,) (Zg lnSJ
i=1 i=1
4 4 4 4
-1 -1 -1 1
2628 (InS)6 =28 Ins 3 8
b: i=1 i=1 i=1 i=1

can be very

= —3.2743 According to the accelerate model

In MTBF = exp(14.8774-3.2743InS)

54~

In normal operation ,Sub-station within the normal voltage is 9V and estimated value is

MTBF =exp(14.8774—3.27431n9)
= 2171(hour)

.-, =oxp(b(InS, ~In,))=85.36
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In the condition of maximum voltage fluctuation,the estimated value is

MTBF = exp(14.8774—3.27431n11)
=1126(hour)

Finally, we calculate acceleration coefficient estimates from (3.6)-type Si and S, available
acceleration values,

b(InS,~InS,))=5.33

15V-9vV: 7, = exp(
18V-9V: 7, =exp|

( )
b(InS,~InS, ))=9.62
25V-0v: 7, =exp(b(InS,~InS,))=2837

3V-9v: 7, =exp(b(InS,~InS,))=8536

As can be seen from the above data, from 9V to 15V the average life shortened five times; but 85
times from 9V to 35V.

y=exp(a+b*In(x))
2500 T T
2000
1800
=

1000
500

0 L L \T‘\—“ukiv‘

5 10 15 20 25 30 35

Fig.1 V-MTBF curve of substation for a coal mine
According to the formula (6), calculate the variation of the sub-station average life expectancy with
the voltage changes (9V ~ 35V). Their correspondence curve is shown in Figure 1.

4.Concludes

The mine sub-station reliability of expected value and accelerated life test of the reliability value is
given by setting the number of tests Censored Bayesian methods and Fixed Number Truncated of
constant-stress accelerated methods on sub-station reliability research, and a sub-station with the voltage
changes in the average life expectancy curves is simulationed. Through analyzing we can see that the life
span of sub-station has reached the requirements of coal mine safety monitoring system in the condition of
mine environment, and give a scientific validation to the reliability of the standards of Production
Monitoring System.
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