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Article 

Optimizing Baseline Interval Maintenance Strategies 
for Centrifugal Compressors with Electrical Motor 
Drivers Using Weibull Analysis Approach, Rank 
Regression, Fisher Matrix, and Median Ranks 
Moch. Munirul Ichsan 

Department of Mechanical Engineering, Sepuluh Nopember Institute of Technology (ITS) Building C Floor II 
ITS Sukolilo Campus, Surabaya, Indonesia 6011; e-mail: munirhutama@gmail.com  

Abstract: This paper investigates optimal maintenance strategies for centrifugal compressors with 
electrical motor drivers using a Weibull analysis approach combined with rank regression, Fisher 
matrix, and median ranks. By leveraging data from Oreda 6, the study proposes a methodology to 
establish baseline intervals for corrective, preventive, predictive, and proactive maintenance in the 
absence of comprehensive historical data. The analysis reveals key Weibull parameters, including 
shape and scale factors, and calculates reliability metrics such as the mean time to failure (MTTF) 
and mean remaining life (MRL). The results suggest effective maintenance intervals and highlight 
the utility of Weibull analysis in enhancing maintenance strategies. This approach offers a robust 
framework for optimizing maintenance practices, even with limited historical data. 

Keywords: Weibull Analysis; Maintenance Optimization; Rank Regression; Fisher Matrix; 
Reliability Engineering 

 

1. Introduction 

In industrial settings, determining optimal maintenance strategies for centrifugal compressors 
with electrical motor drivers is crucial for ensuring operational reliability and minimizing downtime 
[21]. Traditional methods rely heavily on historical maintenance data, which is often incomplete or 
unavailable, posing challenges for developing effective baseline strategies [1]. This paper explores an 
alternative approach by leveraging Weibull analysis, rank regression, the Fisher matrix, and median 
ranks to recommend maintenance intervals in the absence of comprehensive historical data [2]. By 
utilizing available resource data from Oreda 6, we propose a systematic method to establish baseline 
intervals for corrective, preventive, predictive, and proactive maintenance [3]. In my view, this 
approach offers a valuable framework for optimizing maintenance strategies even when historical 
data is sparse. 

2. Materials and Methods 

2.1. Materials 

The study utilizes Oreda 6 Taxonomy 1.1.1.1, which provides detailed mean failure rate (FR) 
data for centrifugal compressors with electrical motor drivers, measured every 106 operating hours 
[1,14]. This data is converted into Mean Time Between Failures (MTBF), expressed in hours per year, 
by normalizing it with the 106-hour benchmark [4]. Subsequent calculations involve adapting this 
data for Weibull analysis to derive maintenance intervals [5]. This study expect to facilitate more 
accurate Weibull calculations, streamlining the process of optimizing maintenance strategies.  
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Table 1. This is Oreda 6 Taxonomy 1.1.1.1 mean failure rate (106 hours) data [14]. 

Failure Mode  Mean FR/(106hours) MTBF (hours) 
Critical 81,31 12298,61 
Critical Abnormal Instrument Reading 32,02 31230,48 
Critical Breakdown 0,94 1063829,79 
Critical Erratic Output 3,23 309597,52 
Critical External Leakage Process medium 1,81 552486,19 
Critical External Leakage Utility medium 4,38 228310,50 
Critical Fail to start on demand 9,33 107181,14 
Critical internal leakage 3,51 284900,28 
Critical Plugged/choked 2,03 492610,84 
Critical spurious stop 12,38 80775,44 
Critical vibration 8,79 113765,64 
Critical Other 9,82 101832,99 
Critical Unknown 1,11 900900,90 
Degraded 87,7 11402,51 
Degraded Abnormal Instrument Reading 27,39 36509,68 
Degraded Erratic Output 8,86 112866,82 
DegradedExternal Leakage Process medium 12 83333,33 
Degraded External Leakage Utility medium 13,49 74128,98 
Degraded internal leakage 8,44 118483,41 
Degraded Low Output 0,94 1063829,79 
Degraded Parameter deviation 4,49 222717,15 
Degraded plugged/choked 2,98 335570,47 
Degraded spurious stop 2,11 473933,65 
Degraded structural deficiency 1,11 900900,90 
Degraded vibration 10,89 91827,36 
Degraded other 2,23 448430,49 
Degraded unknown 2,23 448430,49 
incipient 141,7 7057,16 
incipient Abnormal Instrument Reading 50,6 19762,85 
incipient External Leakage Process medium 9,93 100704,93 
incipient External Leakage Utility medium 7,64 130890,05 
incipient High Output 1,11 900900,90 
incipient internal leakage 2,23 448430,49 
incipient Minor in-service problems 61,1 16366,61 
incipient other 6,03 165837,48 
incipient unknown 2,23 448430,49 
unknown 2,67 374531,84 
unknown Abnormal Instrument Reading 2,11 473933,65 

1 Raw material data. 
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2.2. Software 

The analysis in this study employs ReliaSoft Weibull++ software from HBK © 2024 Hottinger 
Bruel & Kjaer Inc, which is specialized for Weibull reliability analysis and life data modeling [8]. This 
software supports various statistical methods, including rank regression, Fisher matrix, and median 
rank, essential for evaluating the failure data [8–10]. This study believe that using this software 
simplifies and accelerates Weibull calculations, enhancing the efficiency of maintenance strategy 
optimization. 

2.3. Analysis Methods 

The analysis employs rank regression on X, where data pairs (x1,y1), (x2,y2),...,(xn,yn) are plotted, 
and the best-fitting straight line is determined by minimizing the horizontal distances between data 
points and the fitted line, according to the least squares principle [8]. This method yields a straight 
line x=a+by that best represents the relationship between variables [8]. By focusing on the vertical 
deviations rather than the horizontal, rank regression is robust to outliers and can handle non-normal 
distributions effectively [11]. This study believe that using this analysis method enhances robustness 
in parameter estimation and provides reliable results despite data irregularities. Rank Regression 
Equations on X © 2024 Hottinger Bruel & Kjaer Inc, as follows [8]. 

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 
(5) 

 
(6) 

 
(7) 

 

(8) 

 
(9) 
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2.4. Confidence Bounds Methods 

Confidence bounds are crucial for assessing the precision of reliability estimates, providing a 
range within which the true parameter values are likely to fall [9]. This section explains confidence 
intervals (or bounds) and their importance in reliability engineering, aiming to present the concept 
in straightforward terms while maintaining technical accuracy [9]. Fisher Matrix Confidence Bounds 
(FM) are utilized to approximate confidence intervals for censored data, as detailed by Nelson and 
Lloyd & Lipow [9]. These bounds, while commonly used, may be more optimistic than non-
parametric rank-based bounds, especially for small sample sizes [9]. This study believe, that 
understanding these methods enhances the accuracy of parameter estimation and optimizes 
maintenance strategies. Fisher matrix bounds (FM) equations, described in Nelson, Lloyd and Lipow, 
as follows [11,13]. 

 
(10) 

 
(11) 

2.5. Ranking Methods 

The Median Ranks method estimates the unreliability of each failure by determining the median 
rank, which represents the 50% confidence level probability of failure for each specific failure out of 
a sample [10]. The rank for any percentage point 𝑃𝑃 is derived by solving the cumulative binomial 
equation for 𝑍𝑍, representing the unreliability estimate [10]. The median rank is obtained by solving 
this equation at 𝑃𝑃 = 0.50, using numerical methods for accurate calculation [10]. For instance, with 𝑁𝑁 
= 4 and four failures, the median rank equation is solved four times for each failure [10]. This study 
believe this method provides a reliable estimate of unreliability for plotting and analysis, enhancing 
the robustness of maintenance strategies. Median Ranks Equations © 2024 Hottinger Bruel & Kjaer 
Inc, as follows [10]. 

 
(12) 

 
(13) 

2.6. Procedure 

The study follows these steps: 
• Data Acquisition and Conversion: Obtain failure rate data for centrifugal compressors with 

electrical motor drivers from Oreda 6 Taxonomy 1.1.1.1, which is provided in terms of failures 
per 106 hours [14]. Convert this failure rate into Mean Time Between Failures (MTBF) by 
normalizing it to hours per year. 

• Weibull Parameters Calculation: 
1. Beta (β): Calculate the shape parameter β using the Rank Regression on X, which characterizes the 

failure rate's variability. Beta (β) equation © 2004 Nelson, as follows [15].  

 
(14) 

2. Eta (η): Determine the scale parameter η in hours, representing the characteristic life of the 
equipment. Eta (η) equation © 2006 Abernethy, R. B. as follows [16].  
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(15) 

3. LK Value: Compute the log-likelihood (LK) value for model fit assessment. LK Value equation © 
2003 Lawless, J. F. as follows [17]. 

 
(16) 

4. Rho (ρ): Calculate the reliability at time t = 8760 hours to determine R(t=8760 hr), the probability 
of survival. Rho (ρ) equation © 2003 Meeker as follows [18].   

  
(17) 

• Reliability and Probability Calculations: 
1. Reliability (R): Compute reliability at t = 8760 hours using the the Weibull reliability function. 

Reliability (R) equation © 1981 Barlow as follows [20].  

  
(18) 

2. Probability of Failure (Q): Compute the probability of failure at t = 8760 hours using the Weibull 
cumulative distribution function. Probability of Failure (Q) equation © 2004 Nelson as follows 
[16]. 

 
(19) 

3. Reliable Life: Determine the reliable life for a reliability level R = 0.99, which indicates the time at 
which 99% of the units are expected to still be operational. Reliable Life equation © 2014 Meeker 
as follows [19]. 

 
(20) 

4. Mean Life (MTTF): Calculate the Mean Time To Failure (MTTF) using the Weibull distribution 
parameters. Mean Life (MTTF) equation © 2003 Lawless, J. F. as follows [17]. 

 
(21) 

5. Mean Remaining Life (MRL): Estimate the Mean Remaining Life, which is the average time 
remaining before failure, given a unit is still operational. Mean Remaining Life (MRL) equation © 
2014 Meeker as follows [19]. 

 

(22) 

6. Failure Rate: Calculate the failure rate at any given time, which can be derived from the Weibull 
distribution’s probability density function. Failure rate equation © 1981 Barlow as follows [20]. 

 

(23) 

• Repeat Calculations: Ensure all calculations are performed iteratively to validate and refine the 
parameters, ensuring accurate results for the Weibull analysis. 
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• This procedure outlines the steps to perform Weibull analysis from acquisition data, providing 
a comprehensive approach to assessing and optimizing maintenance strategies. 

3. Results 

The Weibull analysis yielded key parameters and calculations that guide the optimization of 
maintenance strategies for centrifugal compressors. 

Table 2. Weibull Parameters Calculation. 

Weibull Parameters Value 
Beta (β) 0.899782 
Eta (η) 312718.5886 hours 
LK Value -533.917585 
Rho (ρ) 0.985324 

2 ReliaSoft Weibull++ software from HBK © 2024 Hottinger Bruel & Kjaer Inc. 

Table 3. Reliability and Probability Calculations. 

Reliability & Probability Value 
Reliability 𝑅𝑅(𝑡𝑡=8760 hours) 0.960710 
Probability of Failure 𝑄𝑄(𝑡𝑡=8760 hours) 0.039290 
Reliable Life (𝑅𝑅=99%) 1882.852877 hours 
Mean Life (MTTF) 329080.800992 hours 
Mean Remaining Life (MRL) 333610.832804 hours 
Failure Rate 0.000004/hour 

3 ReliaSoft Weibull++ software from HBK © 2024 Hottinger Bruel & Kjaer Inc. 

3.1. Probability Weibull Graph 

The graph illustrates the Weibull probability of unreliability (%) versus hours (hr), 
demonstrating that unreliability increases as the operational hours of the centrifugal compressors 
increase. 
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Figure 1. Weibull probability of unreliability (%) versus hours (hr). 

4. Conclusions 

The Weibull analysis applied to centrifugal compressors with electrical motor drivers has 
provided insightful results, as detailed in the parameter calculations. The shape parameter 𝛽𝛽 of 
0.899782 suggests a decreasing failure rate over time, which is consistent with typical degradation 
patterns observed in such equipment. The scale parameter 𝜂𝜂 of 312,718.5886 hours indicates a high 
characteristic life, reflecting the equipment's durability. Reliability at 8760 hours is approximately 
0.9607, indicating a high level of operational performance, while the probability of failure at this time 
is relatively low at 0.0393. The reliable life at a 99% reliability level is 1882.85 hours, with MTTF of 
329,080.80 hours and MRL of 333,610.83 hours. These findings underscore the effectiveness of the 
Weibull analysis and the reliability of the equipment, though ongoing monitoring and analysis are 
essential to refine maintenance strategies. 

5. Patents 

• ReliaSoft Weibull++ software from HBK © 2024 Hottinger Bruel & Kjaer Inc. 
• OREDA Offshore and Onshore Reliability Data Handbook. Vol-1 Topside Equipment 6th 

Edition © 2015 DNV GL, SINTEF, & NTNU.   
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