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Abstract—The failure law is not clear in operation of
complex electronic system. The failure data can not be effectively
used. And it is difficult to assess the current state of the system.
This paper proposed a fitting method of failure data based on
triple Weibull distribution model for complex repairable
long-life-cycle complex electronic system. Triple Weibull
modeling method is used to analyze the accumulated operation
time of complex electronic system. Maximum likelihood
estimation is used to estimate the shape and scale parameters in
Weibull distribution. And the specific iterative solution process is
given. Using function continuity, the formula for the
corresponding triple Weibull distribution is derived.And the key
time inflection points and connection parameters are given. The
failure data of electronic warfare system is used to analyze and
verify the feasibility of the method.
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l. INTRODUCTION

Complex electronic system is composed of many
electronic devices. During the life cycle of the complex
electronic system, the system failure data contains the
important information of system reliability, providing data
support for assessing the current status of system and
predicting the probability of failure[1]. Therefore, studying the
fault data of complex electronic system has important
application value and practical significance.

In general, reliability data comes mainly from reliability
experiments. Reliability experiments are mainly performed by
manufacturers during the manufacturing process[2].Since the
life of the system is generally long, the reliability experiments
conducted by the R&D unit and the manufacturer cannot
predict the reliability of the system in simulation use. They
can only give a reference data that reflects reliability.
Therefore, the reliability status of the system used in the
operation process needs to be evaluated and predicted using
the data in the operation of the system[3] .

The fault data in the operation process of complex
electronic system is studied. The data in Table 1 is the
statistical data obtained from the simulation of operational
failure data.A total of 65 sets of fault data are used to fit the
probability density function with the frequency of faults in the
system operating time range. the fault occurrence time is
grouped every 200 hours. The number of faults over a period
of time, the frequency of the faults, and the current cumulative
frequency of the faults are shown in tablel.

TABLE I. FAULT DATA SHEET

The statistical data
Runtime range Number Current
of failures frequency cumulative
frequency
500h~700h 6 0.0857 0.0857
700h~900h 4 0.0571 0.1429
900h~1100h 3 0.0429 0.1857
1100h~1300h 4 0.0571 0.2429
1300h~1500h 3 0.0429 0.2857
1500h~1700h 1 0.0143 0.3
1700h~1900h 1 0.0143 0.3143
1900h~2100h 3 0.0429 0.3571
2100h~2300h 2 0.0286 0.3857
2300h~2500h 3 0.0429 0.4286
2500h~2700h 1 0.0143 0.4429
2700h~2900h 2 0.0288 0.4714
2900h~3100h 1 0.0143 0.4857
3100h~3300h 1 0.0143 0.5
3300h~3500h 2 0.0286 0.5286
3500h~3700h 3 0.0429 0.5714
3700h~3900h 1 0.0143 0.5857
3900h~4100h 1 0.0143 0.6
4100h~4300h 2 0.0286 0.6286
4300h~4500h 3 0.0429 0.6714
4500h~4700h 3 0.0429 0.7143
4700h~4900h 4 0.0571 0.7714
4900h~5100h 4 0.0571 0.8286
5100h~5300h 6 0.0857 0.9143
5300h~5500h 6 0.0857 1

The fault frequency is plotted, as shown in Figure 1. It can
be seen that the frequency of failures firstly decreases, then
tends to be stable, and lastly increases again. The accumulated
frequency of failures generally shows a rapid increase first,
then a slow increase, and a rapid increase in the last. Therefore,
the distribution obeyed by the system failure will not be a
normal distribution or a log-normal distribution, but may be an
exponential distribution or a Weibull distribution. Therefore, it
is speculated that failure rule of complex electronic system
may obey the Weibull distribution.
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FIGURE I. TREND CURVE OF FAILURE FREQUENCY

Il.  SYSTEM RELIABILITY MODEL ESTABLISHMENT AND
CASE ANALYSIS

The Weibull probability plot is used to test whether the
data obeys the Weibull distribution. When the data obeys the
Weibull distribution, the data appears linear in the Weibull
probability plot, otherwise it appears nonlinear. The principle
is to transform Weibull distribution function, and then take
twice logarithm operations on both sides, so as to present the
linear relationship. Weibull probability plots are plotted using
the accumulated operation time data of 65 sets of failures, as
shown in Figure 2.

Weibull Probability Plot
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FIGURE Il. WEIBULL PROBABILITY PLOT OF 65 SETS OF DATA

As shown in the Figure 2, the 65 sets of data are not in a
straight line and are clearly divided into three processes. We
can use the triple Weibull segmented model to fit the system
failure data.

A. Triple Weibull Model

The system failure generally follows a regular pattern and
will go through three periods: early failure period, accidental
failure period, and loss failure period[4]. The early failure
period is due to defects and quality problems in the internal
modules and components of the system. The accidental failure
period happens when the failure probability of the system
tends to be a steady low level after defects and quality
problems of components or modules are repaired, and each
module or component enters the optimal operation state. Loss
failure period is because of the time and environmental stress
and the aging of modules and components. Probability of
failure will gradually increase. The probability of system
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failure changes with time, showing a decrease process in the
first period, then a steady process in the middle period, a
increase process in the last period, as a form of a curve similar
to the “bathtub”. It was called bathtub curve in system
reliability study[5-7].

The Weibull distribution is one of the commonly used
distributions in reliability studies. In order to accurately
represent the three stages corresponding to the bathtub curve,
the bathtub curve distribution can be constructed using the
Weibull distribution in the form of a piece-wise function.The
expression of the triple Weibull distribution function, the
reliability function expression and the corresponding failure
rate function are as follows:

Lk exp[ —(t/m)" ].0<t<t,
F(t) =41k exp[ —(t/m)" | .t <t<t, ()

Lk exp[ —(t/ my)™ |,t>t,
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kyexp[ —(t/my)™ | ,t>t,

KD (4 rm )t o<t <t,

m,

h(t):-aln R(t)= %(t/mz)”“,t1 <t<t,
2

Ksny

©)

(t/my)" " t>t,

3

In these formulas, n;,n,,n, is the shape parameter of each
segment function. m;,m,,m, is a scale parameter of each
segment function. k,k,,k, is the connection parameter for
each segment function. t,,t, is the function demarcation point.
In the system failure analysis, different n represents different
failure mechanisms. Whenn<1, the system is in an early
failure period. When n is approximately 1, the system is in an
accidental failure period. Whenn>1, the system is in a loss
failure period.

B. Triple Weibull Probability Plots Test

The first 20 sets of data, 21-42 sets of data, and 43-65 sets
of data are tested by Weibull probability plots. All these tests
can show a good linear relationship. The Weibull probability
plot is shown in Figure 3(a),(b),(c)
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FIGURE Ill. WEIBULL PROBABILITY PLOT FOR EACH GROUP OF
DATA

C. Weibull Distribution Parameter Estimation

According to the results of the Weibull probability plot test,
65 sets of data were separately fitted. The Weibull parameter
estimation was performed on the first 20 sets of data, the
middle 22 sets of data, and the last 23 sets of data, and the
parameters were calculated using the maximum likelihood
estimation method[8-9].Result of parameter estimation is
shown in equation (4).

4)

a > 1 &ong by
H_aln(m)+|:izz;ln(ti)}_ﬁgti |n(a)70

Where A is the total number of fault data and B represents
the cumulati ve operation time of the system at the time of the
fault. The final solution results are shown in Table 2.

TABLE Il. PARAMETER ESTIMATION VALUE TABLE

n 0.4792 m, 1051.9
n, 1.2923 m, 3036. 0
n, 12. 7286 m, 5023. 7

D. Triple Weibull Distribution Inflection-point Solution

The life distribution of complex electronic system
conforms to the bathtub curve law. According to the bathtub
curve, there are three stages in its life cycle, and the transition
time between the three stages is of particular concern to us.
This turning point is called the critical time inflection point.
For the three-segment Weibull distribution, such two key time
inflection points aret,,t,, which are also the boundary points

of the piece-wise function. According to the continuity of the
function, we can get:

R(t)=R(t').R(t;)=R(%) (5)

Fi)=1(6) f(t)= (&) )

Let,k=1,after derivation we can get:
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n n (np—ny)
L= |:n1m2 ‘m™ /n, :.1/ b (7
n n (ng=nz)
t, =[n,m,"m," /ns}u (8)
k, = exp[(l— n, /n)(t,/ mz)"z} 9)

ky =k, exp[(1—n, /n,)(t, / m;)"]

“exp[ (L, /n)(t /m,)" +(-n, ) rmy )] 4O

Substituting the data in Table 2 into the above equation,
The inflection point A at the critical time and the connection
parameter B of each segment function can be calculated.
Results are shown in Table 3.

TABLE III. TIME INFLECTION POINTS AND CONNECTION

PARAMETER
Y 16738x10° k, 0.4554
L, 4.3541x10° ks 0.1087

I1l.  CONCLUSION AND ANALYSIS

Substituting the values in Table 2 and Table 3 into
equation (1), (2) gives the system failure rate expression (11)
and the reliability expression (12).

4.5556x10™ (t /1051.9
h(t) =45.1232x10™* (t / 3036)0.2923
0.003(t / 5023.7)11.7236

)—0,5208

,0<t <1,6738x10°
1.6738x10° <t < 4.3541x10° (L1)
,t>4.3541x10°

exp (t/1051.9)*™ |,0<t <1.6738x10°

R(t) =1.2036exp| (t/3036)** |,1.6738x10° <t <4.3541x10°(12)
1.2032exp| ~(t/5023.7)"*™ | t > 4.3541x10°

Plot their function curve on the coordinate axis

respectively, as shown in Figure 4,5.
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FIGURE IV. BATHTUB-TYPE FAILURE RATE CURVE
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FIGURE V. RELIABILITY FUNCTION CURVE

It can be seen from Figure 4 that the current system is in a
loss failure period. The duration of the loss failure period is
unknown. The accidental failure period lasted about 4354
hours. As shown in the bathtub curve obtained, it can be
known that the duration of the accidental failure period is not
long, only about 2681h.After about 4354 hours of cumulative
operation time, the system entered a loss failure period. Due to
the requirements for the service life of the system and the
different maintenance levels, there are two situations, such as
“Repair as old” and “Repair as old”. It may lead to a very long
failure period of the system, making the boundary between the
accidental failure period and the loss failure period not very
clear.

It can be seen from Figure 5 that the reliability of the
system is always reduced. The reliability function is a
decreasing function of time. With the increase in cumulative
operation time, reliability has been decreasing, which is in line
with our subjective experience.

The simulation data is the system running up to 5500h.
The simulation end time of the curves of Figure 4 and Figure 5
is 5700h. This prediction of the system failure rate and
reliability of the next 200h is reasonable, because it is based
on a large amount of fault data during system operation.

IV. CONCLUSION

This paper presents a method based on cumulative
operation time data, using the triple Weibull distribution to
describe the dynamic changes of the reliability and failure rate
of individual system in various periods. It provides a feasible
solution for predicting the reliability of individual system. It
provides support for reliability parameters for the current state
assessment of the system. At the same time, this method can
also be used in the analysis of failure data for other similar
military equipment or civilian system.
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