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 Dr. Eduardo Calixto is the ECC CEO & Founder, CRP (Certified Reliability Professional), CFSE (Certified Functional Safety Expert) AFSP ( 

Automotive Functional Safety Professional), IBM Machine Learning in Python Certification, Microsoft Azure Machine Learning for Data 

Science , MatLab Machine Learning, Master data Science in R.

 25 years experience indifferent Project for Oil and Gas, Railway, Aerospace for diferente organization across the globe. 
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Workshop Outline

Introduction.

RAM Analysis Methodology.

RAM Analysis Study Case.

RAM Analysis applied for RAM quantitative 
Requirement specification.

FMEA Methodology.

FMEA Case Study.

FMEA applied for RAM qualitative 
requirement specification.

Conclusion.



Glossary

 Operational Availability: Uptime/total time.

 Reliability: The chance of equipment to operate under defined operation condition until an specific period of time.

 β%: percentage of total number of equipment that will fail untin a specific period of time.

 MTTF: Mean time To failure.

 MTTR: Mean Time to Repair/Replace.

 MTBF: Mena time Between Failure (MTBF=MTTF+MTTR)

 MTBCF: Mean Time Between Critical Failure.

 MTBD: Mean Time Between Distance.

 RI: Percentage of subsystem or equipment reliability impact impact on system reliability

 FCI: Percentage of  equipment or component of  system total number failure .

 DECI: Percentage of equipment or component number of  system shutdowns.

 DTCI: Percentage of equipment or component number of  system downtime



Reliability Concept

 Reliability is the probability that a system operates 
during a specific period of time under specific 
environmental conditions without failure.

 Robustness is the ability of a system to withstand 
to environment overstress condition without 
degrade the reliability in short period of time.

 Durability is  the ability of a system to withstand 
to environment overstress conditions without 
degrade the reliability.



RAM analysis Methodology



RBD Modeling



Case Study – Brake System



Reliability and Maintainability input Data



Reliability and Maintainability input Data



ECC Reliability and Maintainability Database



Preventive Maintenance effect on Reliability



Brake RBD (Reliability Block Diagram)



RBD Brake System Simulation Result



PM and Insp impact on downtime



Criticality Analysis: Failure critical index



Criticality Analysis: Failure number of downtimes index



Criticality Analysis: Failure Downtime index



Criticality Analysis Summary



Criticality Analysis Summary



RAM Quantitative Requirement

Equipment OA Requirement
Compressors PDF µ σ R(T) β1% β10% OA(T)
Shaft Gumbel 7 0.5 100% in 5 years 5.5 6.3 100% in 5 years
Bearing Normal 3 0.1 100% in 2.5 years 2.7 2.85 100% in 2.5 years
Seal Normal 3 0.1 100% in 2.5 years 2.7 2.85 100% in 2.5 years
Coupling Normal 5 0.1 100% in 4.5 years 4.7 4.85 100% in 4.5 years
Control Exponential 10 2 100% in 2 years 2.1 1 100% in 2 years
Pipes Normal 10 0.5 100% in 8 years 8.5 9.3 100% in 8 years

Reliability Input target Reliability requirement

PDF µ σ
Shaft Normal 0.5 0.1 100% in 0.5 hours
Bearing Normal 0.5 0.1 100% in 0.5 hours
Seal Normal 0.5 0.1 100% in 0.5 hours
Coupling Normal 0.5 0.1 100% in 0.5 hours
Control Normal 0.5 0.1 100% in 0.5 hours
Pipes Normal 28 4 100% in 0.5 hours

Repair ≤0.5 hours
Repair ≤0.5 hours
Repair ≤0.5 hours
Repair ≤0.5 hours

Repair ≤0.5 hours

Repair ≤0.5 hours

Equipment Miantanability Input target Maintainability requirement
M(T)

PDF µ σ
Compressors Normal 1 0.5 100% in 0.5 hours Repair ≤0.5 hours

M(T)
Equipment Miantanability Input target Maintainability requirement

OA Requirement
PDF µ σ R(T) β1% β10% OA(T)

Compressors Normal 2.5 0.1 100% in 2 years 2.1 2.3 100% in 2 years

Reliability Input target Reliability requirementEquipment 



Reliability Requirement Clarification
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Reliability 4.0



Prognostic Health Management



FMEA Methodology



FMEA Methodology



FMEA Case Study – Reliability Requirement



FMEA Case Study – Reliability Requirement



ECC FMEA Database



Reliability requirement form FMEA

Equipment Qualitative Reliability and Maintainability Requirement References
Compressors

Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure
Organization Procedure

Bearing

Shaft

V&V software test and Reliabity software TargetControl

To implement installation procedure and Training
To implement RCM to define PM/Insp
To implement Vibration test (HALT/ALT/RGA)
To implement Temperature and voltage test (HALT/ALT/RGA/HASS)

To implement Vibration test (HALT/ALT/RGA/HASS)
To implement RCM to define PM/Insp
To implement Temperature test (HALT/ALT/RGA/HASS)
To implement RCM to define PM/Insp
To implement lubrication procedure and Training.
To implement Vibration test (HALT/ALT/RGA/HASS)



HALT (Reliability Qualitative requirement clarification)



HALT (Reliability Qualitative requirement clarification)



QALT (Reliability Qualitative requirement clarification)

QALT LL QALT UL



HASS (Reliability Qualitative requirement clarification)



Conclusion

“RAM Requirement for System 
and  equpment BID“

“RAM Assurance and for 
System and 

EquipmentVerification“

“RAM Assurance for System “

RAM Validation for System 
and Equipment

“ T h e  B e s t  

M a i n t e n a n c e  a n d  A . I  

s t r a t e g y i s  t o  h a v e  a  

r e l i a b l e ,  R o b u s t  a n d  

d u r a b l e  e q u i p m e n t “ .

Eduardo Calixto, 2022.
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