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Introduction

Dependability (Sûreté de fonctionnement ) : Measure of a system’s : 

• Reliability (fiabilité) : Ability to perform a specific function 

• Availability (disponibilité) : Ability of system to be kept in a functioning state. 

• Maintainability (maintenabilité ) : Ability of system to be repaired or maintained. 

• Safety-Integrity (sécurité ):  Absence of catastrophic consequences on 
users/environment, 
Absence of improper/unknown alterations to system 
functioning. 

Dependability = RAMS
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Need of reliability

• Space shuttle challenger disaster 1986 :  

• design defects

• rubber seal became brittle in freezing temp.

• Chernobyl Nuclear Disaster 1986: design 
defects. 

• design defect, human error, 

• no reliability taken into account. 

• Point pleasant bridge disaster (1967):  Bridge 
in West Virginia (USA) collapsed, metal 
fatigue.
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Reliability and Maintainability 

Inclusion and growth in academics is motivated by:  

• real accidents, quality control,

• consumer awareness, govt. regulations, 

• environment friendly, sustainable growth etc. 

Gallup poll (1985) by American Society of Quality control 

→consumer awareness! 

RAMS :

• Design process,

• life cycle costing, cost-benefit analysis, 

• inventory, economic optimization, 

• maintenance policy selection:  preventive or predictive? 

• replacement decisions (decision making under multi criteria)

…….
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History of reliability (not exhaustive): 

• 1930 , 1940 :  Waloddi Weibull analyzed fatigue life in materials. 

• Till 20th century, component parts individually fabricated, 

• reliability mostly dependent upon craftsman/manufacturer and

• not determined by combination of component reliability. 

• The advent of the electronic age, accelerated by the Second World War

→ need for more complex mass-produced component parts with a higher degree of

variability in the parameters and dimensions.

• Emergence of new technologies, lessons from failures → Reliable systems , Reliability engineering.

• Some failure data banks

• UKAEA (UK Atomic Energy Authority) 

• RRE (Royal Radar Establishment, UK) and RADC (Rome Air Development Corporation, US).
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Random vs Deterministic Failures

Traditional approach: 

• high safety margin,  

• safety factor  (designed for 4-10 times normal stress, load)  deterministic! 

• result in overdesign, high costs, expensive complex systems !! 

Classic way :

• system , component failures random, probabilistic occurrences. 

• In theory, exact physics can be known, internal failures can be predicted. 

• In reality, deterministic approach not feasible. WHY??

• limited data, not exact model knowledge, exact physics not known. 

• physics of failures, faults not known exact. 

• human errors, environmental factors, “Acts of God” (flood, earthquake) can not be modelled.

But, we have data !!

• Probabilistic approach : 

• Use data to construct probabilistic reasoning,

• inference from previous occurrences.  

• Estimate failure parameters from data, probabilistic models!!
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Literature in Reliability 

• IEEE Transaction on reliability 

• Proceedings of Annual reliability and Maintainability Symposium 

• Technometrics

• Applied Statistics 

• Operations Research 

• Reliability Review 

• Reliability Engineering 

• International Journal of reliability quality and safety engineering 
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Reliability Application Areas 

• Mechanical reliability

• Software reliability

• Human reliability

• Reliability optimization

• Reliability growth

• Structural reliability

• Power system reliability

• Life cycle costing

• Maintainability
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Basic Terms and Definitions

• Reliability:  probability that an item will carry out its assigned mission satisfactorily for the stated 
time period when used under the specified conditions.

• Failure:  This is the inability of an item to function. 

• Downtime: This is the time period during which the item is not in a condition to carry out its stated 
mission

• Maintainability: This is the probability that a failed item will be repaired to its satisfactory working 
state. 

• Availability: This is the probability that an item is available for application or use when needed.

• Redundancy: This is the existence of more than one means for accomplishing a defined function.

• Mean time to failure , Mean time between failure, …..
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Achieving Reliability and Safety Integrity (High level view)

Failure is rarely due to one component of system,

failure may be due to: 

• software elements

• human factors or operating documentation

• environmental factors

• ambiguity in the specification

• timing constraints within the design.
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Design Reliability 

Achieved Reliability 

Design 
• Reduction in complexity
• Redundancy
• Feedback of failure information 

to increase reliability
• Component selection
• Qualification testing, design 

review

Manufacture
• Change control
• Quality assurance
• Production testing
• Process instructions

Field
• Failure feedback
• Replacement strategy
• Preventive maintenance
• User Interaction

Reliability and safety are ‘built-in’ features of a 

design.

Maintainability, availability :  depend upon failure 

rate and repair/down time. 



RAMS Cycle 

Smith, D. J. (2017). Reliability, maintainability and risk: practical 
methods for engineers. Butterworth-Heinemann.
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Sources of Failure Data 

Organisations: 

• Reliability Analysis Center (RAC) : Nonelectronic Parts Reliability Data (NPRD) reports by US Airforce.

• Defense Technical Information Center : Reliability data for defense equipment.  

• Parts Reliability Information Center (PRINCE):  Reliability of systems related to space

• Institute of Electrical and Electronics Engineers (IEEE) : failure data concerning various electrical related 
items.

Data Banks: 

• Nuclear Plant Reliability Data System (NPRDS):Failure data on equipment used in nuclear power plants. 

• Equipment Reliability Information System (ERIS): failure data on equipment used in electric power 
generation.

• SYREL: Reliability Data Bank: failure data on equipment used in power generation (UK).

• OREDA (Offshore Reliability Data) - version 4 (2002) : recueil européen concernant  les matériels des 
compagnies pétrolières. 

• IEEE Standard 500 - 1984 (États-Unis) - Guide to the Collection and  Presentation of Electrical, 
Electronic, Sensing Component, and Mechanical  Equipment Reliability Data for Nuclear Power 
Generating Stations 
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Guide : Fides (reliability)

• reliability calculation for electronic components and systems. 

• Fides is a DGA (French armament industry supervision agency) study conducted by a European 
consortium :

Airbus France – Eurocopter – GIAT Industries – MBDA Missile systems – THALES Airborne

Systems – THALES Avionics – THALES Research & Technology – THALES Underwater Systems
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Annex :  Student t distribution Chart
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