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What is a Failure?

poscior e Afailure is defined as: “The termination of the ability of an item

. )

« Failure, Fault, and Error to perform a required function”

e Functions

e Function Categories | EC60050(191)

e Failure Mode

e General Failure Modes . . . .

Sl O In other words: A failure is the non-fulfillment of a functional
ump .

e Failure Modes of a Water Tap reqU|rement

e Failure Classification
e Failure Classification

e Failure Cause Classification Example
e OREDA Failure Modes .
Consider a water pump.
0 A required function of the pump is to “pump water”

0 The functional requirement related to this function is that the
output of water should be between 100 and 110 liters of
water per minute.

0 The pump has a failure if the output of water is outside the
Interval
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Failure, Fault, and Error
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An error is a “discrepancy between a computed, observed or

measured value or condition and the true, specified or
theoretically correct value or condition”
- IEC 60050(191)
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Functions

Introduction

« What s a Faiure? 0 To identify all potential failure
modes of an item, we need to
- runcton Seregeries identify all the functions of the item,
» ceneralFalre Hodes and the associated functional

S requirements
e Failure Modes of a Water Tap
e Failure Classification . . .
« Failure Classifcaton 0 Even “simple” equipment will often
e Failure Cause Classification . .
« OREDA Faiure Modis have a high number of functions

that may be difficult to identify

0 Try, for example, to identify all the
functions of a mobile phone
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Function Categories

roducton___ It may sometimes be useful to have a list of general function
® Falre, Pk, and B categories (examples for a water pump):
© Genee e odes 0 Essential functions (e.g., pump water)
E%np::::”) 0 Auxiliary functions (e.g., contain water - prevent leakage out)
[ rere Clsseaton 0 Protective functions (e.g., prevent sparks from electro-motor)
o et 0 Information functions (e.g., measure internal pressure,
temperature)
0 Interface functions (e.g., connect to infout pipes)

0 Superfluous functions(e.g., functions remaining after the
system has been modified)
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Faillure Mode

introduction A failure mode is defined as:

e What is a Failure?

e Failure, Fault, and Error

® Functions “The effect by which a failure is observed on a failed item”

e Function Categories

e Failure Mode

e General Failure Modes

« Failure Modes of a Water This definition is not totally clear, but a failure mode should tell

Pump

-ravevodesotawarer . US 1IN WhHich way an item is no longer able to fulfill a required

e Failure Classification

e Failure Classification fU n Ctl O n .

e Failure Cause Classification
e OREDA Failure Modes

Note that a failure mode is always related to one or more required
functions. Sometimes failure mechanisms (e.g., corrosion) are
erroneously used as failure modes. Corrosion is not a failure mode,
but might be the cause of a failure mode.
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General Fallure Modes

Introduction

Failure during operation

Failure to operate at a prescribed time

Failure to cease operation at a prescribed time
Premature (spurious) operation

e What is a Failure?

e Failure, Fault, and Error

e Functions

e Function Categories

e Failure Mode

e Failure Modes of a Water
Pump

e Failure Modes of a Water Tap

e Failure Classification

e Failure Classification

e Failure Cause Classification - B S 57 60-5

e OREDA Failure Modes

A W N B
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Failure Modes of a Water Pump

0 An essential function of a water pump is “pump water”. A
functional requirement related to this function might be:
“water output must be between 100 and 110 liters per
minute”. Another possible functional requirement could be
related to the smoothness of the flow out.

0 A failure mode related to the function “pump water” is a
specific deviation from the functional requirements.
Examples of failure modes are:

No output from pump
The output is less than 100 liters per minute
The output is higher than 110 liters per minute

[
[l
[
0 The flow is uneven (not smooth enough)
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Failure Modes of a Water Tap

o o o o o oo o oo

Fail to open (on demand)
Falil to close (on demand)
Cannot fully open

Leakage through (dripping)
Leakage out (from tap seals)
Too high temperature

Too low temperature

Etc.
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Failure Classification

" Failure causes

« Failure, Fault and Erto 0 Primary failure (inherent weakness failure)

R - 0 Secondary failure (overstress or misuse failure)
A 0 Command fault

e Failure Modes of a Water

° II::iTJE)e Modes of a Water Tap N Tlme Of fallure

-
° aiure assiication D S u d d e n fal | u re
e Failure Cause Classification D G rad u al fal | u re

e OREDA Failure Modes

0 Detectability
0 Evident failure
0 Hidden failure

0 Degree of failure
0 Partial failure
0 Complete failure
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Failure Classification

Failure

Intermittent Extended
failure failure
I
I I
Complete Partial
failure failure
I I
I I I I
Sudden Gradual Sudden Gradual
failure failure failure failure
1 1
1 Catastrophic I Degraded
: failure ! : failure
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Faillure Cause Classification

Introduction

e What is a Failure?

e Failure, Fault, and Error Failure
e Functions cause

e Function Categories

e Failure Mode | |
e General Failure Modes
e Failure Modes of a Water Design Manufacturing Use

Pump
e Failure Modes of a Water Tap |
e Failure Classification | | | |

. a“re 'ass”i“o ' Design Weakness Manufacturing Ageing Misuse Mishandling
e allure Cause Classification . . . . . .

, failure failure failure failure failure failure
e OREDA Failure Modes
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OREDA Failure Modes

oducion___ O Critical failure

e Failure, Fault, and Error Sudden failure that causes termination of one or more
e Functions .

 Function Categories fundamental functions

e Failure Mode
e General Failure Modes

e Failure Modes of a Water |:| Deg raded fal | U re

Pump

« Failure Modes of a Water Tap Gradual or partial failure. In time, such a failure may

e Failure Classification

« Failure Classifation develop into a critical failure

e Failure Cause Classification

0 Incipient failure

An imperfection in the state or condition of an item so that
a degraded or critical failure can be expected to result if
corrective action is not taken

Marvin Rausand, May 4, 2005 System Reliability Theory (2nd ed.), Wiley, 2004 - p. 13/13



http://www.ntnu.no/~marvinr

	Introduction
	What is a Failure?
	Failure, Fault, and Error
	Functions
	Function Categories
	Failure Mode
	General Failure Modes
	Failure Modes of a Water Pump
	Failure Modes of a Water Tap
	Failure Classification
	Failure Classification
	Failure Cause Classification
	OREDA Failure Modes


