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Introduction and Objectives

• The main objective of this research is to develop a systematic process for the reliability 

analysis of industrial rotating equipment, which may include turbines, motors, 

compressors, blowers, and pumps, among others.

• In each of the steps, we will show the different reliability calculation methods in detail, as 

well as their correct application according to the characteristics of the data.
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Introduction and Objectives

• Additionally, as we move through the analysis process, we challenge the AI by using it as a 

double validation tool.

• Finally, in the conclusions, we can show a comparison of the results and thus demonstrate 

the importance of identifying the appropriate model for a correct reliability analysis, which 

will be beneficial for the industry which makes decisions based on these calculations, for 

which the result of this investigation can help reduce the levels of uncertainty in decision-

making. 
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Data Discussion

The data obtained are the Time-To-Failures of a Cantilever Centrifugal Pump, model OH2, 

according to the International Standard Organization number ISO-13709. The data was 

captured in 15 years between 2008 and 2022. The pump was of constant speed and 

operated within its preferred operating region, handling a relatively stable petrochemical 

fluid in its physical-chemical properties.
Bearing TTF (days) Mech Seal TTF (days) Pump TTF (days)

161 287 161

350 701 250

576 353 253

361 445 287

253 373 300

300 414 328

250 328 350

353

361

373

414

445

576

701
Figure 1. Dataset
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Data Discussion
The data were separated by the two existing failure modes related to its main components, 

the bearings, and the Mechanical Seal. In the column "Pump TTF (days)," you can find the 

total Time-To-Failure (TTF) in days, which is the result of the sum of the TTF of the 

Mechanical Seal and the Bearings, which are in the other two columns. The data in the Pump 

was arranged in ascending order. Although 14 data points are observed in total, data number 

15 was removed from the dataset for verification/validation of the results in section 4.

Figure 2. 

Descriptive statistics 

of the three 

variables of interest.
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Methodology

1. Review the equipment failure records.

2. Identify if there are censored data.

3. Perform a linearity-homogeneity evaluation.

4. Option A: Separate the failure modes or patterns. 

5. Option B: Perform a Goodness-of-Fit test.

6. Review outliers or non-linear patterns.

7. Run the Reliability Analysis.
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Reliability Analysis Process

1. Review the equipment failure records.

In section 2 on data discussion, it can be seen that a clean and clear dataset was 

obtained, which was obtained by extracting and reviewing work orders from a 

computerized maintenance system (CMMS) where the descriptions of the reported 

failures were examined in detail to identify the failure modes and their operating 

times or failure times.

2. Identify if there are Censored Data.

For this case study, the dataset did not have censored data. However, data censoring 

is crucial for reliability analysis and must be considered in the data extraction phase.
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3. Perform a linearity-homogeneity evaluation.

The NHPP model (Crow-AMSAA) fits the data well and has a lower AIC or BIC than 

the HPP models (Weibull, Lognormal, Exponential, etc). 

We can conclude that the data follows a NHPP.

Figure 3. linearity-homogeneity evaluation Results 

Reliability Analysis Process
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ChatGPT Validation
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ChatGPT Validation
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3. Based on the nonlinearity of the data of the Pump failures, we will use the Crow-

AMSAA Model to calculate the reliability.

Figure 4. Crow-AMSAA Analysis Results 

• Mean Time Between Failures (MTBF): In the context of the Crow-

AMSAA model, the MTBF at time t is given by 1/λ * (t)^(1-β).

• Reliability, R(t) for the Crow-AMSAA model is given by R(t) = exp(-λ * 

(t)^β).

• Given your lambda (λ=0.0001293) and beta (β=1.4176) values, we 

can substitute these into the formulas to find the MTBF and 

reliability at any specific time t.

• MTBF at 447.76 hours: 1/0.0001293 * (447.76)^(1-1.4176) = 

approximately 4789.17 hours.

• So, the MTBF when the reliability is 63.2% would be approximately 

4789.17 hours (≈200 days).

Reliability Analysis Process
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ChatGPT Validation

ChatGPT does not do complex statistical calculations, for this it 
suggests using appropriate statistical software
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4. Option A: Separate the failure modes or patterns. 

When analyzing the failure modes separately and carrying out a distribution analysis for each 

one of them, we found that the Lognormal distribution was the best fit; however, due to the 

author's experience in Pumps and his in-depth knowledge of the degradation mechanisms of 

the components analyzed, it was decided to use the Weibull distribution for the Bearings. 

Figure 5. Failure modes (Mech Seal and Bearings) probability distribution analysis 

Reliability Analysis Process
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ChatGPT Validation
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After obtaining the 

parameters of the 

distributions for each failure 

mode, we developed the 

Reliability Block Diagram 

(RBD), as can be seen in 

Figure 6, where each block in 

series represents the Pump 

components analyzed with 

their respective parameters 

and distributions.

Figure 6. Reliability Block Diagram (RBD) 

Reliability Analysis Process
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5. Option B: Perform a Goodness-of-Fit test.

Option B was carried out for research purposes, obtaining that the three 

distributions that best fit were Lognormal, Gamma, and Weibull, for 

which it was decided to use the Weibull based on the same premise 

described in section 4.4.

Figure 7. Pump reliability (Survival) and Weibull plot 

Reliability Analysis Process
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7. Run the Reliability Analysis.

As mentioned in the data section, data number 15 of the dataset, which was removed, corresponded to a TTF 

of 241 days. In Figure number 8, a summary of the Mean Times to Failure (MTTF) and the reliability values 

[R(t)] was calculated.

Considering that the reliability analysis of the Pump was carried out based on the Goodness-of-Fit test 

(Weibull distribution), 63.2% of the reliability of the equipment was used as a reference, highlighted in green, 

observing that the most accurate result was the one that was carried out by separating the failure modes and 

calculating using Reliability Block Diagrams.

The second most accurate approximation was the calculation using the Crow-AMSAA models. Finally, the most 

significant deviation was observed by applying the Goodness-of-Fit test to choose the best distribution for the 

complete dataset.

Figure 8. Pump reliability estimations 

Reliability Analysis Process
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ChatGPT Validation
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ChatGPT Validation
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Summary and Conclusion

The research concludes that evaluating and calculating the reliability of industrial rotating 

equipment is a complex process that must be carried out with the combination of a Rotating 

Equipment subject matter expert (SME) in the equipment being analyzed and a Reliability 

Engineer SME with solid knowledge in applied statistics.

Separating the failure modes and analyzing them separately to integrate them into a 

reliability block diagram later to calculate their reliability, resulting in a more robust and 

accurate model.

The Crow-AMSAA model needs less work and promising precision in case of not having the 

data with the desired quality.

Finally, the Goodness-of-Fit test method to determine the distribution that best fits yielded 

the most remarkable impression and deviations. Unfortunately, this method is one of the 

most used in the industry.
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Summary and Conclusion

ChatGPT is an excellent tool for interacting and discussing equipment reliability analysis. It 

provides valuable information on the subject, but it is not capable of performing statistical 

analysis or providing complex numerical results, nor of reaching analysis conclusions that 

are not factual and require the interpretation of a subject matter expert (SME).
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