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Abstract. Aiming at the Prognostic and Health Management (PHM) demand of modern aeronautical 
equipment, in this paper, we use the 3-parameter Weibull distribution to establish the reliability analysis 
model of aeronautical equipment components, and propose the least squares method and the maximum 
likelihood method to estimate the parameters and curve fitting of Weibull model order to improve the 
precision of Weibull distribution in lifetime forecast. An experiment was made for 20 same core components 
of the aeronautical equipment. The least squares and maximum likelihood methods were applied to deal with 
the experimental data independently, and the fitting effects of the two were compared and analyzed. The 
effect contrast indicated that the former has a higher estimation precision．The results showed that this 
method has very strong practicability and high precision. It provides a reliable basis for Condition-Based 
Maintenance (CBM) for aeronautical equipment. 
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1. Introduction 
With the development of high-tech electronic technology and its wide application in the military field, 

the performance of aviation equipment has been dramatically improved. At the same time, it has also brought 
enormous challenges to the protection and maintenance of equipment. Life prediction is the main method of 
equipment reliability assessment. The remaining useful life (RUL) is predicted through the dynamic 
evaluation of equipment performance degradation trend, and the equipment reliability report is given. 
Accurate and effective life prediction is an important supporting technology for achieving electronic 
maintenance of aviation equipment and ensuring safe operation of equipment. It has important theoretical 
research significance and military application value for improving equipment availability, maintainability, 
and prolonging equipment life. The purpose of this paper is to establish the reliability analysis model of 
aviation equipment components by Weibull distribution, and to propose a parameter estimation method 
which is accurate, simple and easy to implement, so as to improve the accuracy and applicability of 
reliability analysis [1].  

2. The Construction of Weibull Distribution Model 
The Weibull distribution is divided into 2-parameter Weibull distribution and 3-parameter Weibull 

distribution according to the number of the parameters. The 3-parameter Weibull distribution can describe all 
kinds of fault state well through the change of shape parameter, scale parameter and location parameter. In 
this paper, Weibull distribution is used to estimate the life parameters of aeronautical equipment components. 
The fault probability density function of the 3-parameter Weibull distribution is: 
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The failure distribution function of the 3-parameter Weibull distribution is: 

( ) 1 exp tF t
β

γ
η

  −
= − −  

   
                                                                      (2) 

where  0β >  is the shape parameter, 0η >  is the scale parameter and γ  is the location parameter of the 
distribution. When =0γ , this reduces to the 2-parameter distribution [2].  

All three life stages of the bathtub curve can be modeled with the Weibull distribution and varying 
values of β . The Weibull failure rate for 0 1β< <  is unbounded at 0T = . The failure rate, ( )tλ , decreases 
thereafter monotonically and is convex, approaching the value of zero as t →∞  or ( ) 0λ ∞ = . This 
behavior makes it suitable for representing the failure rate of units exhibiting early-type failures, for which 
the failure rate decreases with age. When encountering such behavior in a manufactured product, it may be 
indicative of problems in the production process, inadequate burn-in, substandard parts and components, or 
problems with packaging and shipping. For =1β ,  ( )tλ  yields a constant value of 1/η .This makes it 
suitable for representing the failure rate of chance-type failures and the useful life period failure rate of units. 
For 1β > ,  ( )tλ  increases as t increases and becomes suitable for representing the failure rate of units 
exhibiting wear-out type failures [3].  

3. The Parameter Estimation Method for Weibull Distribution 

3.1. Least Squares Estimation 
Least squares estimation (LSE) is one of the main methods of parameter estimation in linear function. 

Least squares estimates are calculated by fitting a regression line to the points from a data set that has the 
minimal sum of the deviations squared (least square error). It can be applied to parameter estimation of 
Weibull distribution, and it can effectively improve the accuracy of reliability life analysis model [4][5].  

Take the natural logarithms on both sides of equation (2): 

  1ln ln( ) ln
1 ( )

t
F t

β γ β η= − −
−

                                                                     (3) 

Let 1ln
1 ( )

y
F t

=
−
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For the linear regression equation (4), the least squares solution of the regression coefficients A and B is: 
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3.2. Maximum Likelihood Estimation 
Maximum likelihood estimation (MLE) uses the overall probability density or the expression of the 

probability distribution and the information provided by its subsamples to estimate the unknown parameters. 
It’s a statistical method based on the maximum likelihood principle [6]. When there are unknown parameters 

1 2, ,..., kθ θ θ  in the known distribution model, the likelihood function shown in (6) can be established: 
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For Weibull distribution, the unknown parameters are ,β η and γ . The probability density function of 
Weibull distribution in equation (1) is substituted into the equation (7), and the maximum likelihood function 
is established as follows:  
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To simplify the problem, take the natural logarithm of both sides of equation (7): 
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In order to solve the extreme value of ln ( ; , , )L t β η γ , let ln 0
i

L
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, a set of equations is established: 
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The estimated values of β , η   and γ  can be obtained by the equation (9). 

4. An Application Example 

4.1. Problem Description 
The fault data of a certain type of aeronautical equipment components [7] are shown in Table 1. 

According to experience, it is known that the life of the aeronautical equipment component is a bathtub curve, 
so its life is in accordance with the Weibull distribution. The Weibull distribution model is constructed 
according to the statistical fault data, and the reliability life analysis of the aeronautical equipment 
components is analysed.  

Table 1: Failure data of a certain type of aeronautical equipment component 

No. 1 2 3 4 5 6 7 8 9 10 
Fault time/h 350 380 400 430 450 470 480 500 520 540 

No. 11 12 13 14 15 16 17 18 19 20 
Fault time/h 550 570 600 610 630 650 670 730 770 840 

4.2. Distribution Type Confirmation  
According to the fault data, make the corresponding probability plot of 2-parameter Weibull and 3-

parameter Weibull distributions, as shown in Fig. 1 and Fig. 2. 
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Fig. 1: Probability Plot of 2- Parameter Weibull.                 Fig. 2: Probability Plot of 3- Parameter Weibull. 
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According to the probability plot, it can be seen that the 2-parameter Weibull distribution and 3-
parameter Weibull distribution probability plots form a straight line, which shows that these distributions fit 
this set of data better. We can also compare the correlation coefficients to determine which distribution is 
best fit with the data. The greater the correlation coefficient, the better the fit provided by the distribution. As 
can be seen from the figure, the 2-parameter Weibull has a correlation coefficient of 0.981, and the 3-
parameter Weibull has a correlation coefficient of 0.999, so it can be assumed that the aeronautical 
equipment component failure is subject to 3-parameter Weibull distribution [8]. 

4.3. Parameter Estimation  
The parameters of 3-parameter Weibull distribution are estimated by the least squares method and 

maximum likelihood method (95% normal confidence interval) respectively, and the distribution parameters 
are obtained as shown in Table 2 and Table 3. And further derives its distribution characteristics, as shown in 
Table 4 and Table 5. 

Table 2: Parameter Estimates (LSXY Estimates) 

Parameter Estimate Standard 
Error 

95.0% Normal CI 
Lower Upper 

Shape(β) 2.009 0.3996 1.361 2.967 
Scale(η) 301.371 35.3159 239.527 379.183 

Threshold(γ) 292.293 0 292.293 292.293 

Table 3: Parameter Estimates (ML Estimates) 

Parameter Estimate Standard 
Error 

95.0% Normal CI 
Lower Upper 

Shape(β) 1.857 0.6219 0.963 3.580 
Scale(η) 262.103 64.7585 161.496 425.383 

Threshold(γ) 323.823 44.7668 236.082 411.565 

Table 4: Characteristics of Distribution (LSXY Estimates) 

Parameter Estimate Standard 
Error 

95.0% Normal CI 
Lower Upper 

Mean(MTTF) 559.356 31.0929 501.617 623.740 
Standard Deviation 139.030 26.6966 95.424 202.561 

Median 543.410 32.8000 482.781 611.654 
First Quartile(Q1) 454.394 30.6634 398.100 518.649 
Third Quartile(Q3) 646.868 40.4030 572.335 731.108 

Interquartile 
 

192.474 34.0936 136.018 272.363 

Table 5: Characteristics of Distribution (ML Estimates) 

Parameter Estimate Standard 
Error 

95.0% Normal CI 
Lower Upper 

Mean(MTTF) 556.593 29.0648 502.445 616.576 
Standard Deviation 130.108 24.1752 90.395 187.268 

Median 538.975 33.0548 477.931 607.815 
First Quartile(Q1) 457.808 28.2616 405.636 516.690 
Third Quartile(Q3) 636.339 38.1790 565.741 715.745 

Interquartile 
 

178.531 28.9473 129.926 245.317 
 
As can be seen from Table 2, the shape parameters, scale parameters, and position parameters estimated 

by the least-squares method are 2.009, 301.371, and 292.293, respectively; as can be seen from Table 3, the 
shape parameters, scale parameters, and position parameters estimated by the maximum likelihood method 
are 1.857, 262.103, and 323.823, respectively. And from its standard error, the accuracy of the former is 
better than that of the latter.  
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4.4. Life Prediction Analysis 
The Weibull distribution parameters of aeronautical equipment components have been obtained, and the 

reliability function is:  
2.009292.293( ) exp

301.371
tR t

 − = −  
   

                                                               (10) 

When the reliability is ( ) 50%R t = , substituting the reliability function, the time 50 543.407t = h is 
obtained. It indicates that when the aviation equipment parts work for 543.407 hours, the reliability falls to 
less than 50%, which needs downtime maintenance or replacement. This is in accordance with the average 
per 500h arrangement of a maintenance or part replacement of the component in actual work. This shows 
that the method has good state tracking and accurate life prediction, and can effectively solve the problem of 
aviation equipment life prediction.  

In order to further analyze the reliability characteristics of fault data, such as probability density function, 
reliability function, failure function, etc., we can generate the distribution overview plot, as shown in Fig. 3. 
This will be able to intuitively understand the various indicators or characteristics of the equipment life or 
fault distribution data in a figure. 
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Fig. 3: Distribution overview plot for fault time. 

5. Conclusion 
Using the data obtained from the experiment, through comparative analysis, the three-parameter Weibull 

distribution model was evaluated using the least-square method and the maximum-likelihood method. The 
analysis results show that the fault distribution function and actual data are estimated by the least-squares 
estimation. There is a high degree of fitting accuracy. We use the Weibull distribution model to effectively 
solve the problem of aviation equipment component life prediction and have a good application prospect in 
the field of aviation equipment support.  
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