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ABSTRACT

In order to shorten the duration in the A class maintenance project of the thermal power generating unit, the critical 
chain project management is introduced. On the basis of ensuring the accuracy and simplicity of the calculation, the 
method of estimating the duration for the project is determined. The research has important reference value for the 
future A class maintenance project of the power plant. 

1. INTRODUCTION 

China issued the Guidance on Equipment Maintenance of Power Generation Enterprises (DL / T 838-2003) which divides maintenance into A, B, C, D four 
levels. A Class Maintenance refers to the generator set to conduct a comprehensive disintegration inspection and repair, to maintain, restore or improve 
equipment performance. This means that the unit has to stop operating, and takes a long time. However, the unit for a long time outage will affect not only 
the power plant's own economic benefits, but also the power system, and even social life. Therefore, in the shortest possible time to complete the 
maintenance of high quality is particularly important.  

In the current A class maintenance, there is a common problem that maintenance duration is too long. In order to ensure that the maintenance project is 
completed on time, duration is estimated by low risk, which led to the project safety time is too long, or even up to 200%. 

In this paper, the Critical Chain Project Management is introduced into the A class maintenance project of the thermal power generating unit. The methods 
to solve the problem are put forward according to the characteristics and actual situation.  

2. CRITICAL CHAIN PROJECT MANAGEMENT

In 1997, Dr. Goldratt used the method of Theory of Constraints to analyze the progress of the project, and put forward a new scheduling method Critical 
Chain Project Management (CCPM) [1]. The CCPM is the longest task chain that satisfies the resource constraints and interdependence of activities [2]. 
CCPM estimates project duration non-conservatively, weakened the psychological factors on the impact of the duration, to achieve shortening the duration.  

In general, the relationship between the probability of activity completion and the time is shown in Figure 1. A is the median of the probability, that is, the 
probability of completing is 50%. Uncertainty factors lead to the back longer, the higher the uncertainty, the longer [3]. 

Figure 1: Relationship between probability and time 
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CCPM considers that the difference between A and B for the safety time, to mitigate the effects of uncertainty. The normal working time at 50% of the 
completion probability; and 80% indicates the completion time for the working time of 2 times, 90% that the completion time for working time 3 times. 
Generally in the time estimation, the time will be set in the completion of the probability of 80% to 90%, that is, B straight line shown. Thus, the general 
estimated time is 1 to 2 times more than working time.  

3. TIME ESTIMATION

In order to improve the accuracy of the time estimation, and take into account the convenience of the actual estimation, this paper divides the time 
estimation method into with experience of maintenance and with no experience of maintenance.  

3.1. Time Estimation with No Experience of Maintenance 

For the power plants that have not undergone A class maintenance, this paper will use Gray Theory to estimate the working time [4]. A researcher 
mentioned that Gray is the concept between the White and Black. White refers to the system that the information is explicit and the data is complete. Black 
refers to the system that the information is implicit and the data is incomplete. Corresponding to Black and White, Gray refers to the system that part of the 
information is explicit and part of the data is complete [5-7]. A power plant that has not undergone A class maintenance fit the situation, so the Gray System 
Theory is introduced into the working time estimation [8]. 

Because it is the first estimate, the data is less, so to whiten them by the whitening weight function. Assuming that the segmentation interval Λ = (m, n, p, 
q) of the whitening weight function 𝐹𝛬(𝑡) is the estimated duration of each activity of the project, the function is shown in Figure 2:

Figure 2: Whitening Weight Function 

The horizontal axis represents the completion time, denoted by t. The vertical axis represents the probability or membership of the estimated duration, 
denoted by 𝐹𝛬(𝑡). The minimum time required for the activity to complete is denoted by m, and the maximum time required for the activity to complete is 
denoted by q, and the minimum time required for the most likely execution of the activity is denoted by n, and the maximum time required for the most 
likely execution of the activity to complete is denoted by p, then t is determined by these four values. The function 𝐹𝛬(𝑡) is the third-order function. In the 
interval [m, n), the function follows μ (t) and it is an exponential increasing function. In the interval (p, q], the function followsλ(t) and it is a non - linear 
function of increasing slope. [n, p] is the most likely interval in which the probability or membership degree is 1. According to the graph, 𝐹𝛬(𝑡) is: 

𝐹𝛬(𝑡) = {

μ(t), t ∈ [m, n)
1, t ∈ [n, p]

λ(t), t ∈ (p, q]
  (2-1) 

This function is theoretically feasible, but the time estimation does not need to be so precise actually. In the principle of simple and easy to operate, in this 
paper, the function is deformed, and μ (t), λ (t) are simplified to linear function, which is shown in Figure 2-2: 

Figure 3: Deformed Whitening Weight Function 

After deformation, the 𝐹𝛬(𝑡) function is: 

𝐹𝛬(𝑡) =

{
 

 μ(t) =
𝑡−𝑚

𝑛−𝑚
, t ∈ [m, n)

1, t ∈ [n, p]

λ(t) =
𝑞−𝑡

𝑞−𝑝
, t ∈ (p, q]

  (2-2) 

The expected duration Exp (i) for each activity i (i = 1, 2 ••• n) is: 

Exp(i) =
∫ 𝐹𝛬(𝑡)𝑡𝑑𝑡
𝑞
𝑚

∫ 𝐹𝛬(𝑡)𝑑𝑡
𝑞
𝑚

  (2-3)

According to this formula, when the four durations of m, n, p, q are predicted and the whitening weight function 𝐹𝛬(𝑡) is unknown, the expected working 
time is organized as follows: 

Exp(i) =
2𝑚𝑖+𝑛𝑖+𝑝𝑖+𝑞𝑖

6
  (2-4) 
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When estimating these four durations, we should forecast q firstly. As mentioned at former, according to theoretical and practical experience, the estimated 
time is generally 80% to 90% of the completion probability, based on the estimated time plus the right time, which is to complete the activities of the longest 
time q. And time n and p is closer to half of the value q, so, as long as addition and subtraction of the appropriate time on the basis of 50% of the value q, 
that is n and p. The value m is the minimum time required to complete the activity, which is an ideal state and cannot be achieved in practice. Therefore, 
when estimating the value, actual factors do not to be considered, assuming sufficient resources, workers skilled, risk-free.  

3.2. Time Estimation with Experience of Maintenance 

Dr. Goldratt proposed that the actual working time of the activity is half of the historical duration. This method is the easiest to estimate the actual working 
time in the case of historical data. 

Later, the probability method is proposed, which calculates the actual working time is based on the probability. Assuming that working time of a project is 

usually estimated at 80% of the completion probability, that is 2 times of the working time, so the working time of the activity is 
1

2
 of the historical duration 

of every activity. Similarly, according to 90% of the probability of completion to estimate, the working time of the activity is 
1

3
 of the historical duration of 

every activity. The method is simple and accurate, and meets the requirements of the actual project. 

4. CONCLUSIONS 

In this paper, the CCPM is introduced into the A class maintenance scheduling of thermal power generating units to solve the common problem. In order to 
solve the problem that duration estimation is too long and ensure the accuracy and simplicity of the estimation, the estimated duration of the project is 
divided into two cases. For the project with no maintenance experience, the gray theory is suggested to use; for the project with maintenance experience, 
the probability method is suggested to use.  
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