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Abstract. With the elimination rate of mechanical products is getting higher and higher, it has 

become a huge problem for manufacturing enterprises to resourcefully dispose the used 

mechanical products. In order to optimize the resource utilization of the used components, a 

decision-making model for determining the appropriate remanufacturing plan was established 

from the perspective of the component reliability based on historical life data. In this study, the 

three-parameter Weibull distribution function was used to evaluate the component reliability, 

and the degree of reliability was computed quantitatively. The appropriate remanufacturing 

plan for the used component was then determined by combining the degree of reliability with 

the remanufacturing reliability threshold values provided by the manufacturer. The feasibility 

of the presented model was verified by applying the model to the failure of the bearing on the 

transfer case. This study can provide technical support for the research and application on 

remanufacturing scheme decision-making models and active remanufacturing technology of 

the used components. 

1 Introduction  

With the increasing complexity of large-scale machines, the elimination rate of mechanical 

products is getting higher and higher. Therefore, it has become a huge problem for manufacturing 

enterprises to resourcefully dispose those used mechanical products. As an important part of the 

recycling economy, remanufacturing is an industrial process in which the used components are 

repaired and rebuilt to serve a new purpose, making remanufacturing one of the disposal methods 

conducive to environmental protection after the end of the product's initial service life [1]. However, 

due to the different service condition of the used products, even the same type of products, the 

reliability of its waste components is different [2].  

                                                 
a
 Corresponding author : 249008367@qq.com 

International Conference on Engineering and Technology Innovations (ICETI 2016)

© 2016. The authors - Published by Atlantis Press 193



 

Recently, extensive studies have been performed and some achievements were made regarding 

the remanufacturing scheme decision of the used products or components. Decision models for 

remanufacturing scheme are usually based on different optimization algorithms [3-5], e.g., recursive 

algorithms, the case-based reasoning method, and genetic algorithms, where the optimal 

remanufacturing scheme for the used components is established based on a technological and 

economic analysis. Comprehensive evaluation models of the remanufacturing decision-making 

process have been reported in literature for the disposal problem of discarded mechatronic products 

[6-8], which included economic, technological, resource-related and environmental aspects. 

Remanufacturing plans can be evaluated both quantitatively and qualitatively. The above studies 

mainly focused on the aspects of technology, economy, environment and resources, and did not 

consider an evaluation of the reliability of the used components. 

Therefore, a maintenance-mode decision model based on an evaluation of the reliability of the 

component is proposed in this paper, building on a quantitative analysis of the historical life data of 

the considered components. The model was then applied to establish a remanufacturing scheme from 

the perspective of product reliability in terms of the components' lifetime characteristics. 

 

2 Decision model for the remanufacturing scheme of components  

2.1 Decision framework 

For standard parts with a low procuring cost and a high remanufacturing cost, they are usually 

directly replaced after malfunction. Thus, the decision model of the remanufacturing scheme is aimed 

at non-standard parts and components with a high customization cost. The decision-making 

framework is illustrated in Figure 1.  
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Figure 1. Illustration of the framework of the decision model for the remanufacturing scheme of components. 

2.2 The reliability evaluation of the components 

The Weibull distribution function has been demonstrated to be suitable for describing the lifetime 

and reliability of mechanical components [9]. There are two basic forms, i.e., a two-parameter 

distribution and a three-parameter distribution. For the two-parameter Weibull distribution, the 

calculations required for an estimation of the parameters are simple and flexible, and therefore this 

method has seen extensive application. However, the parameter estimation is often associated with 

great errors when the two-parameter Weibull distribution is used to analyze and evaluate the reliability 

on the basis of empirical data. In contrast, for the evaluation of the service life of mechanical 
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components characterized by loss and failure, a higher precision and a more practical reflection of the 

reliability of the mechanical equipment can be obtained when using the three-parameter Weibull 

distribution to calculate the lifetime of mechanical components.  

2.2.1 Weibull distribution model  

For mechanical components, the failure rate is related to the actual service time, so the failure 

rate is a function of the time (t). The Weibull distribution can describe the overall distribution of the 

probability of failure of a mechanical component over its whole service life. 

The failure density function of the three-parameter Weibull distribution is generally expressed as:  

0 0( ) exp
t t t t

f t                                   (1) 

The failure distribution function of the Weibull distribution is given by:  

0( ) 1-exp
t t

F t                                          (2) 

where 0t t , 0 , 0 . 0t  is the position parameter, also called the minimum lifetime. Its value 

does not affect the shape of the density curve but only shifts the curve.  is the shape parameter 

which determines the shape of the density curve.  is the scale parameter, also called the 

characteristic lifetime. Its value determines the approximate midpoint position of the probability 

density function. 

The component reliability refers to the ability of a component to perform its design functions 

under stated conditions for a specified period of time. The indexes reflecting the component reliability 

are mainly the degree of reliability ( )R t  and the cumulative failure rate ( )F t , with ( ) 1 ( )R t F t , 

where ( )R t  is used to reflect the component reliability via the following equation:  

0( ) exp
t t

R t                                           (3) 

To determine the component's degree of reliability, the three parameters 0t , ,  of the Weibull 

distribution must be estimated first. 

2.2.2 Three-parameter estimation 

Eq. (2) can be transformed into: 01- ( ) exp
t t

F t  

Applying the natural logarithm to both sides of the above expression, we obtain:  

0

1
ln ln ln ln

1- ( )
t t

F t
                            (4) 

For 1
ln ln

1- ( )
Y

F t
, 

0lnX t t  and - lnA , then Eq. (4) can be rewritten as:  

Y X A                                                          (5) 

For this linear equation, the least-square estimates of its parameters  and A  are:  
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The position parameter 
0t  is determined first and its initial value 

01t  is the minimum service life 

according to the experimental data. Then, the three-parameter Weibull distribution is regressed 

linearly by parameter transformation and the correlation coefficient 
1

 is computed. Next, the 

iterations were started according to 
02 01= -t t  with a step length 01=0.02t . The above process was 

repeated and the corresponding correlation coefficient i  was calculated for each step. The desired 

position parameter 
0t  is the 

0it  corresponding to the maximal correlation coefficient
i
.  

Next, the mean rank order method [10] was used to determine the corresponding shape parameter 

 and scale parameter . For a set of experimental values, some of them are not related to a failure of 

the component within the data acquisition period. For these values, the mean rank or the approximate 

middle rank cannot be used. Hence, all of the rank orders had to be estimated according to the failure 

data and the non-failure data obtained for the component. Thus, the mean rank order was computed 

and the value of the empirical distribution function was obtained by substituting it into the 

approximate middle rank equation. 

For a sample with non-failure data, the increment formula to compute the mean rank is as follows:  

1

1

1
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i
i

i i i

n A
A

n m

A A A

 

where n is the sample size, m is the sequence number (from small to large) of the failure or non- 

failure time for all components, iA  is the mean rank order of the failure component and 1iA  is the 

mean rank order of the previous failure component.  

The following expression can be obtained by substituting the above mean rank order iA  into the 

approximate middle rank equation:  

0.3
( )

0.4

i
n i

A
F t

n
 

The linear regression curve of the Weibull distribution model can be fitted using the least-square 

parameter estimation method based on the failure time and the computed empirical distribution 

function. Then, the shape parameter  and the scale parameter  of the Weibull distribution can be 

determined. Finally, the component reliability can be computed by plugging the three computed 

parameters into Eq. (3). 

2.3 Remanufacturing scheme decision for an used parts 

Whether scrap parts have the remaining service life is the precondition for remanufacturing 

scheme decision-making. The component reliability during the life cycle has a direct influence on the 

decision for remanufacturing scheme decision-making. The purpose of the decision is to provide a 

reasonable remanufacturing scheme according to the equipment status and the component reliability. 

By analyzing the reliability of the discarded components over the life cycle and considering the 

reliability threshold value of the components provided by the manufacturer, three different 

remanufacturing schemes are proposed, as shown in Figure 2. 
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Figure 2. Illustration of the proposed decision-making model for the remanufacturing scheme of a 

given component. 

(1) When 1( )R t R , the component reliability is in the safe area. In this case, the used 

components can be reused directly without remanufacturing or additional processing. This case is 

referred to as reuse. 

(2) For
2 1( )R R t R , the components may not have failed yet. However, there exist potential 

failure points and the probability of failure occurring during this period of time is larger. Therefore, 

the components should be remanufactured to improve their reliability. This case is referred to as 

remanufacturing.  

(3) When 2( )R t R , the components should not be suggested for a remanufacturing due to the 

required processing costs and the technical feasibility. The best disposal method is to recycle and 

reclaim useful materials in order to save resources. 

3 Case study  

The transfer case is the switching mechanism of the concrete pump truck between the driving 

and pump sending positions. The bearing on the transfer case is the key component prone to failure 

and restricts the service life of the transfer case. The bearing adds a very high additional value to the 

machine and has a very good effect in terms of energy saving and material saving. The selection of the 

appropriate remanufacturing plan directly affects the effective utilization of the additional value of the 

bearing. Here, the maintenance-mode decision for the bearing on the transfer case was used as a case 

study to validate the above established model.  

The evaluation of the reliability of the bearing was based on the historical life data of the bearing, 

given in Table 1, which was empirically determined by a certain company. 

Table 1. The historical life data of the bearing 

No. Working hours State No. Working hours State No. Working hours State 

1 1892 h Failure 11 5187 h Failure 21 8648 h Pause 

2 2712 h Failure 12 5404 h Failure 22 9012 h Failure 

3 2840 h Pause 13 5536 h Pause 23 9392 h Failure 

4 2885 h Pause 14 5774 h Failure 24 9748 h Failure 

5 3092 h Failure 15 6016 h Failure 25 10322 h Pause 

6 4078 h Failure 16 6472 h Pause 26 10506 h Pause 

7 4204 h Failure 17 6680 h Failure 27 11049 h Failure 

8 4456 h Failure 18 6812 h Failure 28 12742 h Failure 

9 4738 h Failure 19 6984 h Pause    

10 5113 h Pause 20 8480 h Pause    

Note: The data with the state “Failure” corresponds to cases where the bearing was replaced due to failure 
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during the data acquisition period and the data with the state “Pause” corresponds to cases where the bearing 

was replaced not due to failure during the data acquisition period. 

The data in Table 1 includes both failure data and pause data. By removing the pause data and 

ranking the failure data from small to large again, the three-parameter Weibull distribution model can 

be established and the values obtained after removing the pause data are listed in Table 2. 

Table 2. The failure data obtained for the bearing after elimination of the non-failure data  

No. Working hours State No. Working hours State 

1 1892 h Pause 10 5774 h Pause 
2 2712 h Pause 11 6016 h Pause 
3 3092 h Pause 12 6680 h Pause 
4 4078 h Pause 13 6812 h Pause 
5 4204 h Pause 14 9012 h Pause 
6 4456 h Pause 15 9392 h Pause 
7 4738 h Pause 16 9748 h Pause 
8 5187 h Pause 17 11049 h Pause 
9 5404 h Pause 18 12742 h Pause 

The least square method, the correlation coefficient method and the mean rank order method were 

used to estimate the three parameters of the Weibull distribution. The position parameter 0t  was 

determined first and its initial value 
01t  is the minimum service life according to the experimental data 

presented in Table 2. Then, the three-parameter Weibull distribution was regressed linearly by 

parameter transformation and the correlation coefficient 1  was computed. Then, the iterations were 

started according to 02 01 01= -0.02t t t , and the correlation coefficient i  for each 0it  was calculated. For 

0 =795t , the maximum correlation coefficient was determined to be 0.9831. Then, the remaining two 

parameters of the Weibull distribution model were computed to =1.90  and =7875  using the least 

square and mean rank order methods.  

The degree of reliability of the bearing can be obtained by substituting the above three parameter 

values into Eq. (3): 

1.9
795

( ) exp
7875

t
R t  

Supposed a bearing has failed after 5000 hours of operation. The degree of reliability of the 

bearing after 5000 hours of operation can be calculated by substituting the three parameters , , 
0t  

into Eq. (3): 

1.9
5000 795

(5000) exp 0.74
7875

R  

According to the threshold values provided by the manufacturer, i.e., 1 =0.8R  and 2 =0.48R , the 

degree of reliability of the bearing after failure of 0.74 is between the reliability threshold values 1R  

and 2R , and hence the bearing should be remanufactured. Up to now, the company which provided 

the empirical data always recycles the bearings, which results in a waste of resources. However, if the 

appropriate remanufacturing scheme is adopted according to the reliability evaluation of the bearing, 

such a situation can be avoided.  

4 Conclusions  

(1) Compared with the two-parameter Weibull distribution, the three-parameter Weibull 

distribution function is more complex when used for evaluating the reliability of components. 

However, it is more appropriate for the actual situation and is more precise.  

(2) The model was applied to the remanufacturing scheme decision-making process for the 
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bearing on the transfer case of a concrete pump truck, and the results have shown that the proposed 

model can better reflect the relationship between the reliability of the bearing and the desired 

remanufacturing scheme. This study can provide technical support for the research on 

remanufacturing scheme decision-making models and active remanufacturing technology of the used 

components. 

In addition to the reliability of the used components, other factors influencing the decision for 

remanufacturing scheme include technological, economic, and environmental concerns. These factors, 

as well as the feasibility of the remanufacturing of the used components will be comprehensively 

considered in further studies to realize a maximization of the value of the remanufacturing value. 
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