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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The

complete process of machine condition monitoring consists of five distinct phases:
detection of problems (deviations from normal conditions);

diagnosis of the faults and their causes;

prognosis of future fault progression;

recommendation of actions;
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post-mortems.

hine health prognosis demands prediction of future machine integrity and detériorat

concepts rather than strict procedures or standard methodologies.

pnosis of future fault progressions requires foreknowledge of\the probable faily
Ire duties to which the machine will or might be subjected, and“a-thorough understan
tionships between failure modes and operating conditions. This'may require an under
physics underlying the fault modes and demand the collectign of previous duty and cumuy
hmeters, previous maintenance history, inspection results, run-to-failure data, trajec
bciated operational data, along with condition and perfermance parameters prior to extr
ections and forecasts.

pnosis processes need to be able to accommodaté.analytical damage models.

computing power increases, and data stegrage decreases in cost, multiple-parametg
bmes more complex and modelling becomes more sophisticated. Thus, the ability to

bression of damage accumulation is achievable if the initiation criterion is known (exp
bf parameter values for a given mode)in addition to future behaviour for a given set of c(

ipn so there
be no exactitude in the process. Instead, prognosis requires statistical or testimonial approaches to
idopted. Standardization in machine health prognosis therefore embodies guidelines,
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INTERNATIONAL STANDARD ISO 13381-1:2015(E)

Condition monitoring and diagnostics of machines —
Prognostics —

Part 1:
General guidelines

1 (Scope

Thip part of ISO 13381 provides guidance for the development and application of prognosis|processes.
Itidintended to

— |allow developers, providers, users and manufacturers to share common eoncepts of prognostics,

— |enable users to determine the data, characteristics, processes-and behaviours nedessary for
accurate prognosis,

— |outline appropriate approaches and processes to prognostic§ development, and
— |introduce prognostics concepts in order to facilitate future systems and training.

Othler parts will include the introduction of concepts of the following forms of prognostic approaches:
performance changes (trending) approaches (IS@“13381-2), cyclic-driven life usage [echniques
(IS® 13381-3), and useful-life-remaining models ({SO 13381-4).

2 [Normative references
The following documents, in whole-otin part, are normatively referenced in this documgnt and are

indispensable for its application., Fer dated references, only the edition cited applies. F¢r undated
refgrences, the latest edition of the referenced document (including any amendments) appligs.

wn

[SO|2041, Mechanical vibration;, shock and condition monitoring — Vocabulary
[SO[13372, Condition mohitoring and diagnostics of machines — Vocabulary

[SO|13379-1, Condition monitoring and diagnostics of machines — Data interpretation and (diagnostics
techniques — Pdrt1: General guidelines

[SO|17359, Condition monitoring and diagnostics of machines — General guidelines

3 |Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13372 and ISO 2041 and the
following apply.

31
prognosis
estimation of time to failure and risk for one or more incipient failure modes

[SOURCE: IS0 13372:2012, 10.2]

© IS0 2015 - All rights reserved 1
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3.2

prognostics
analysis of the symptoms of faults to predict future condition and residual life within design parameters

[SOURCE: ISO 13372:2012, 1.15]

3.3
confidence

level

figure of merit (e.g. percentage) that indicates the degree of certainty that the diagnosis/prognosis is

correct

Note 1 to elﬁfry: This llgure essenflally represenfs the cumulative effect of error sources on the rial cerfaﬂinty

or confiden
assessment

3.4

root cause
set of cond
of a failure

[SOURCE: 1

3.5
failure ma
FMEA
structured
being asse

Note 1 to ent

historical d
Note 2 to ent
[SOURCE: I

3.6
failure md
FMECA
FMEA with

|

[SOURCE: 1

Noteltoe

Note2toe

3.7
failure mdg
FMSA

Ce in the accuracy of the outcome. Such a figure can be determined algorithmically or via a weig
system.

tions or actions that occur at the beginning of a sequence of events that resultin the initia
mode

SO 13372:2012, 8.9]

des effects analysis

procedure to determine equipment functions and functional failures, with each fai

sed as to the cause of the failure and the effects of the-failure on the system

ry: The technique may be applied to a new system based on analysis or an existing system base

hta.

ry: A FMEA procedure is outlined in IEC 60812.[3]

S0 13372:2012, 8.2]

des effects criticality analysis

a classification process based on the severity of the faults
ry: This is in comparison with the criticality thresholds.

ry: A FMECA pfogedure is also outlined in IEC 60812.[3]

SO 13372:2012, 8.3]

des'symptoms analysis

hted

fion

ure

H on

process based on FMECA that documents the symptoms produced by each mode and the most effective
detection and monitoring techniques in order to develop and optimize a monitoring programme

Note 1 to ent

3.8

ry: This process is outlined in ISO 13379-1.

estimated time to failure

ETTF

estimation of the period from the current point in time to the point in time where the monitored
machine is deemed to be in the failed condition

Note 1 to ent

ry: Defined in Figure 2.
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3.9

remaining useful life

RUL

remaining time before system health falls below a defined failure threshold

3.10
predictive horizon
threshold for prediction of lead time to failure as desired by the user

4 Datarequirements

4.1| The general concepts for condition monitoring are outlined in ISO 17359 and form the basis for
the[prognostic process and its pre-requisites. Prognostics may require the collection of dpcumented
datd covering

a) [the total population of plant, machinery and components under observation along with original
equipment specifications,

b) [all monitored parameters and descriptors,

c) |expert knowledge of baseline, commissioning, historical operation, maintenance, inspection and
failure data,

d) |currentand future operating and maintenance environments, regimes, requirements and schedules,
e) |initial diagnosis inclusive of identification of all existing failure modes,

f) [failure models including single and multiple failure modes that can include statistics, ekisting and
future failure mode influence factors, initiation criteria, and failure definition set pdints for all
parameters, and descriptors,

g) |curve fitting, projection and superimposition techniques,
h) [alarm limits,

i) |trip (shut-down) limits,

j) |performance thresholds.telating to system health,

k) [failure investigatiofresults,

1) [reliability, availability, maintainability, cost and safety data,
m) |damage/nitiation data,

n) |damage progression data,

o) lmanufacturing configuration state (lot number, batch number, etc.), and

p) environmental data that has an impact on component health.

All this information may not be available in some applications and cases.

4.2 There are specific objectives for the collection of reliability data relating to current condition and
field performance of machinery:

— survey the actual reliability and, hence, to enable the predicted reliability characteristics of an item to
be made and compared with field data, and damage models and thereby to improve future predictions;

— provide data for improving the reliability of both the current item and future developments;

— provide data for verifying and validating models and algorithms.

© IS0 2015 - All rights reserved 3
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4.3 There are specific objectives for the collection of data relating to current field duties and cumulative
duties of machinery:

compa

rison of damage initiation and progression models with field data;

developments;

provid

e data for extending the range of applications for damage estimation models.

survey the relationship between the actual reliability and the work done, hence, to enable the

provide data for improving the damage estimation models of both the current item and future

4.4 Ther
usage, proc

survey

improy

future|

provi

maintg
parts q

5

e are specific objectives for the collection of cost data relating to monitoring equipment,
uction losses, secondary damage losses, maintenance activities and inventories of machin

the benefit-to-cost ratios of various alternative maintenance actions;

e future maintenance decisions;

provide data for reducing the operating and maintenance costs of both the current item

embodiments;

cost data (along with monitored data and performance data, and also field duty data,

4.3) f(ji the optimal organization and management of any mainténance operation (on-condif

nance, scheduled preventive maintenance, corrective maifitehance, service personnel, sy
tores, etc.).

Prognosis concepts

5.1 Basic concepts

Prognosis
failure mo
goal of pro

is an estimation of time to failure and.the probability of one or more existing and fut
les. It is based on detailed knowledge and experience of the fault propagation process.
bnostics is to provide the user with-the capability to predict remaining useful life (RUL) v

a satisfactory level of confidence. This information can be used to drive operators’ decisions in of

to avert th
prepare fo
faults and
characteris

A failure h
its own is i

e failure, extend life throughappropriate operational changes, or simply to allow tim

and
ery:

and

see
on
are

—n

ure
The
vith
der
b to

' the impending failure. The effectiveness of prognosis is determined by the degree to which

failure modes have known, age-related, performance-related or progressive deteriora
tics that are well-understood and supported by models.

hs to be defined\in' terms of the monitored parameters and descriptors. Monitoring dat
hsufficient tgproduce a prognosis.

1 conceptual basics of a prognosis process are

thedend point,

fion

i On

- dnn b dul b 1 . 1 1 - | el D | b f
HIIC Ul TOUIIIALT LT pPdl dlllITLTh UL UCSLINIPLUT  UTIIAdVIUUL S - dlIU LT TAPTLLCU T4t (0}

deterioration,

The geners
a) define
b) deterr
c)
d)
e) define
f)

estimate current state of deterioration,

estimate the expected remaining life or expected time to failure,

level of confidence, and

establish the desired prognostic event horizon.

It is important to understand that diagnostics is retrospective in nature in that it focuses on existing
data at a given point in time.

© ISO 2015 - All rights reserved
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Prognostics, however, focuses on the future and so must consider

existing single and multiple failure modes and deterioration rates,
the initiation criteria for future failure modes,
the role of existing failure modes in the initiation of future failure modes,

the influence between existing and future failure modes and their deterioration rates,

the sensitivity to detection and change of existing and future failure modes by the current

maonitoring ’rprhniqnpq
the design and variation of monitoring strategies to suit all of the above,
the effect of maintenance actions and/or operating conditions, and

the conditions or assumptions under which prognoses remains valid.

The sub-domains of interest are: performance degradation, cyclic usage and.RUL prediction

Figlire 1 a) shows the general relationship concepts between prognostics and diagnos

the

failure progression timeline. Figure 1 b) shows another perspective of the relationsh

diagnostic and prognostic processes.

5.2
Infl

Influence factors

temfperature, viscosity, clearance, load, speed, opéerating conditions, etc. Each influence

be
pro

considered a contributing driver of an existing failure mode. Influence factors also
bression and initiation of other existing or flitture faults.

Ong example, as shown in Figure 2, is when the initial parameter of vibration, caused by
lubricating oil pump bearing (primary failure mode), influences the initiation of a seal failure

fail
cre

ire mode), which has a faster deterioration rate than the bearing. As this seal fails, the le
htes a loss of oil delivery pressure; which influences the initiation of an impeller failure it

(terftiary failure mode), which has.a slower deterioration rate.

©IS

models.

fics across
p between

pence factors are parameters that affect the deterioration rate of a failure mode; for example,

factor can
affect the

O fault in a
[secondary
hkage of oil
1 the pump
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Component diagnostics System
& prognostics diagnostics
Very early incipient System, component, or Secondary damage or
fault sub-component failure catastrophic failure

Proper
working
order - New
|
=3 = = =
M .
. . e .
Predicted useful life remaining Determine effects on rest of

system or platform

a) Prognostics and diagnostics across the failure progressioen timeline

Physics-based life usage monitoring system

Component 1:n
™ physics-based |—>

/—y\ model(s)

Component 1:n
RUL estimate(s)

v
Current Conditionmonitoring
system System > Maintenance
I rognostics recommendation
Statet_& Component 1:n b
operation di . y Y
iagnostics
data -
v
Mission- Health state of
critical fault component 1:n
detected ,l,
Immediate equipment
quip Estimated time
shutdown .
to failure 1:n
recommended
b) Diagnostic and prognostic process
NOTE Life usage and condition monitoring need not occur in all systems.

Figure 1 — Two perspectives of the diagnostic and prognostic processes
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IF
|L_—-’/

[ V)

Key]
time Tprm  estimated time to failure of the PFM
severity of parameter Tsrm  estimated time to failure of the SFM
PFM: primary failure mode (solid line) Ttem  estimated time to failure of the TFM
SFM: secondary failure mode (dashed line) a time of secondary failure mode initiation

w N R = X

TFM: tertiary failure mode (dotted and.dashed line) b present time
IF [influence factor c time of tertiary failure mode initiaftion

Figure 2 — Influence factors

5.3| Trending, setting alert, alarm, and trip (shutdown) limits

The failure definition set point for a parameter or descriptor is the final value it reaches at §he point in
timp when thesitem fails. This value is normally determined historically from failure history

The trip _set*point, however, is the parameter or descriptor value at which the machine is[shut down
and| is/normally less than its failure set point. This value is normally determined from |[standards,

manufacturers’ guidelines and experience. This is the value normally used to define the failed condition.
However, this value 1s not normally reflective of the fully failed condition due to the lower set point

required to prevent consequential damage or catastrophic failure.

Alert and alarm limits are normally set at a value less than the trip set point. Usually this value is
determined based on the maintenance lead time required; however, such alert values should take the
following into account:

a) confidence level of prognosis;
b) future production requirements;
c) spare parts delivery lead times;

d) maintenance planning lead time required;

© IS0 2015 - All rights reserved 7
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e) scope of work required to rectify faults;
f) trend projection and extrapolation.

The basic difference between trend projection and trend extrapolation is that projection requires the
estimation of future data followed by curve fitting whereas the extrapolation curve fits only to existing
data (Figure 3). Most current curve fitting is extrapolative in nature in that a curve is extrapolated
using existing data points.

This process requires an understanding of the behaviour of a set of parameters for a given failure mode
set and given conditions. Trend projection requires mathematical equations expressing the rate of
change of §variable that describes the deterioration of a given tfailure mode under given conditions

One example of this concept is an equation that describes the rate of change of an overall acceleration value
for a bearipg housing mounted 6316 deep groove ball bearing, running at 3 000 rpm, lubricated by an
220 cSt vistosity grade mineral oil, running at 80 °C. If such equations are known, then trgnd projectjons
result in faf more accurate prognoses than extrapolations as the future data behaviour iSknown.

Y

Key

failure value

time

value of pasaimeter trip set point

known points extrapolation

behaviour points projection
ETTF (extrapolation)

ETTF (projection)

Ul s W N =

present time

T8O X =< X

Figure 3 — Extrapolation versus projection
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Multiple parameter analysis

Prognosis can be performed using a single parameter or multiple parameters. Multiple parameter
analysis is the simultaneous utilization of relevant data within the one system. This concept is
paramount to prognostics in that the relationship between parameters can be observed, not just
the parameters themselves. This is particularly important for different yet possibly interdependent
parameters such as bearing temperature and oil viscosity (see Figure 4).

One principle of multiple-parameter analysis is that the technique trends relevant parameters
(unfiltered/unprocessed variables) and descriptors (filtered/processed data) simultaneously. For
example, the use of narrow-band filters allows spectra to be divided into discrete elements; the band

amplitude can then be used for multiple-parameter analysis trending. The failure definitio

for
nar
par

The
med
the
whyd

Ons
par

bach narrow band is the assigned maximum allowable amplitude for each band. This.allo
Fow-band amplitude to be plotted against other vibration descriptors, oil analysis resu
hmeters and performance values in order to identify and establish relationships between e

difficulty with multiple-parameter analysis is that each variable canchave a differ
isurement. This is compounded if the variable can attain the same value more than once i

n the value of the variable in the failed condition is zero (e.g. flow Orpressure).

key difference between standard multiple-parameter analysis for monitoring and
hmeter analysis for prognosis is that prognosis often uses’a common severity axis (sq

sim|

not|been operated and 100 % life used occurs when the machine is in the failed condition. At
data that may approach zero when the machine is in theéifailed condition, such as flow or pre
be inverted to reflect the “percent life usage” relationship.

It i
and

licity, this can be set to percentage of life usage, where£)% life used occurs when the m

important when doing multiple-parametertanalysis based prognosis that for each
or descriptor being used it is understood that

the start value represents 100 % asset\life or new condition,

the end value represents 0 % asset\life or failed condition, and

development and associated reduction in asset life.

n set point
s for each
ts, process
ch of them.

bnt unit of
h the life of

component (see Figure 4). Multiple-parameter analysis trending and-alarming is also made difficult

| multiple-
aling). For
achine has
this stage,
Esure, shall

parameter

the manner in which the tparameter and/or descriptor behaviour reflects the failure mode
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NoR

5.5

For future|failure modes, these influence factors shall first be described as initiation criteria in
the same paraméter can be both an influence factor for an existing mode and an initiation crite
for a futurp mode. This introduces the concept of initiation criteria data sets where the root caus
a failure mode can be described in terms of a set of different parameter values that either directl

Yl

|
|
M / o*® e ‘l
. —\ N\ ‘-“‘.“ »
N .........-------}---\--l“""'-----‘-{ . / !

JELTEEEEEEEE N

1 \ - 5 |
N — e =" I
X
indepepdent reference value 3  parameter 3
value of parameter 4  parameter 4
paramdter 1 5 parameter 5
paramgter 2
Figure'4 — Example of multi-parameter display
Initiation criteria

that
Fion
e of

/ or

indirectly measure its occurrence (see Figure 5). Different features may be more useful for diagnostics
or prognostics.

Direct measurement can take such forms as valve position whereas indirect measurement can include a
symptom of a change such as temperature.

10
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Y A
100 % —= I
FM2 I
0% f ! | -
c
! ! ‘..__> X
b
Key
X time a initiation criteria set
Y percent life usage (100 % = failed; 0 % =:full life) b  presenttime
FM1 action c estimated extrapolation
FMZ condition and action
Figure 5 — Failure mode initiation criteria
5.6/ Prognosis of failure mode initiation
Theinitiation of afailure mode should always be traced back to its root cause. The cause of a degradation
can|be describedin terms of a set of conditions and actions whereby a condition will generally produce a
steddy rate.0f thange and an action will usually result in a step change (see Figure 6). “Pseudo-healing”
or dorrections may occur and health indicators may change with progression.
By |using multiple-parameter analysis techniques, the evidence of actions, conditions|and their

interdependence can be readily observed. Failure mode initiation criteria, expressed as a set of values
for all monitored parameters, can therefore be used to trigger alarms indicating that a failure mode has
been initiated once this set of values has been achieved or exceeded.

Prognosis of future failure mode initiation can, therefore, be achieved given a known initiation criteria
set and trend projection techniques. The accuracy of the prognosis will depend greatly on whether or
not trend extrapolation or projection is used (see Figure 6).

This method requires a thorough understanding of
— failure mode initiation criteria, which can be historically or statistically generated over time (or both),

— sufficient multiple-parameter analyses of a wide set of monitored parameters,

© IS0 2015 - All rights reserved 11
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— relationships between and interdependence of failure modes,
— known operating conditions at the time of failure mode initiation, and

— behaviour of parameters under varying conditions and influences.

Y %
100%

Key

X time Tpro ETTF (projection)

Y percept life usage (100 % = failed; 0%= full life) ~ Text ETTF (extrapolation)

— — projegtion a present time
extrapolation b initiation criteria

P pararIeter ¢ exceedence

FM failur¢ mode d trip set point

Figure 6 — Initiation prognosis: projection versus extrapolation

6 Failureand deterioration models used for prngnncl‘irc

6.1 Failure mode behaviour modelling concepts

Prognosis requires a methodology that conceptually includes the use of such existing failure mode
behaviour models such as

a) failure modes effects criticality analyses (FMECA),
b) causal/fault tree analyses,
c) risk and hazard assessment methods,

d) physics-based damage initiation and progression models,

12 © IS0 2015 - All rights reserved
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e) trend extrapolation and projection methods, and
f) RUL defined as a function of acceptable confidence level and risk.

These methodologies provide the source data on failure modes and relationships, severity and risk,
rates of deterioration and prognosis data.

Once an incipient fault has been detected or diagnosed, one of the main issues is to establish the
estimated time to failure (ETTF) or to achieve a mission critical date without failure. This is sometimes
accomplished using performance based RUL prediction techniques. The most accurate method will rely
heavily on the underlying physical phenomena, although building models based on the principles of
phygics ay be userul; i cases wiere there 15 no model, or the physics of faiture 15 poorly gnderstood,
data-driven approaches or expert opinion can be used.

Several sources of information are generally used to determine the ETTF, such as
— |monitoring data,

— |testdata,

— |life duration data,

— |reliability/availability data,

— |manufacturers’ data,

— |previous case histories, and

— |operational data.

6.2 Modelling types

modlels and the availability of data. Generally, the choice is between physics-based models, data-driven
modlels and knowledge-based models: The first model encapsulates the physics of the fomponent
under investigation and the physics of the deterioration process using appropriate eqpations. In
confrast, a data-driven model is\typically agnostic of the underlying physics. Data-driven models are
a rgpresentation of a collectjon) of observed run-to-failure instances. Often, machine learnirnjg methods
are|used to build data-driven models. Knowledge-based models rely on input from design|engineers,
long-time users and practitioners.

Diﬂfrent types of models exist and can belused to varying degrees based on expertise in building the

7 |Generic prognosis process

7.1 Prognesis confidence levels

Ong mherent property of prognostlcs is the assoc1ated uncertamty of the remammg life ¢stimation.

@ , C A : confidence
bounds are Very w1de the estlmate is not very Valuable because a dec151on based on the estlmate has
to be made based on accepted risk levels. For an accepted risk level, an operator would typically take
action if the risk falls inside a particular remaining life confidence bound.

The generic condition monitoring process, including prognosis, is outlined in Annex A. Within this flow
chart there are several concepts requiring sub-processes such as determining confidence levels and the
iterative confirmation process.

A confidence level is a figure of merit (percentage) that indicates the degree of certainty that the
diagnosis/prognosis is correct.
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This figure essentially represents the cumulative effect of error sources on the final certainty or
confidence in the accuracy of the outcome. Such a figure can be determined algorithmically or via a
weighted assessment system.

Such a system should incorporate a weighted assessment of the negative impact of errors or lack of
information associated with, but not limited to, the following:

a) maintenance history;
b) design and failure mode assessment;

c) analysgs

d) severify limits used;

e) measurement interval;

f) databdse set-up;

g) dataagquisition;

h) severity assessment processes;

i) trend gssessment;

j) diagndsis process;

k) progngsis process;

1) futurefload conditions;

m) futurelenvironmental conditions.

It should e noted that assigned weightings for‘€ach confidence factor criteria can vary between
diagnoses and prognoses as each criterion can have a different bearing on the outcome for each prodess.
An examplg of a simple determination is giyénin Annex B.

7.2 Prognosis process

7.2.1 Gepneral

The generif process involves-four basic phases: pre-processing, existing failure mode prognosis, fugure
failure mofle prognosis_dnd post-action prognosis. The process is generally sequential as detailefl in
7.2.2 to 7.2]5.

It should b noted that several elements in the flow chart can be skipped. For example, it is not always
necessary fo petform formal diagnosis before estimation RUL.

7.2.2 Pre-processing

a) Carry out a diagnosis in order to identify all existing failure modes.

b) Identify influence factors between existing failure modes.

c) Define failure definition and trip set points for all current symptoms, parameters, and descriptors.
d) Determine potential future failure modes, their initiation criteria and failure definition set points.

e) Select a suitable failure mode model (see Annex C).
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3 Existing failure mode prognosis process

a) Assess severity of all measured failure modes and their parameters/descriptors against their

b)
)
d)
7.2
a)
b)
A

d)

Thd
tak
The

The
the
imp
the

7.2

A

It m
and|
gre

trip set points.
Project all failure mode parameter and descriptor trends to their trip set points.

Select the existing failure mode with the shortest ETTF.

If possible, execute an iterative confirmation process until the confidence in the ETTF is acceptable.

4~ Future Iailure mode prognosis process
Assess future failure mode initiation criteria and determine most probable futurg failur
Determine influence factors between all existing and future failure modes.

Estimate initiation point, trends and ETTF for each future failure modés)ytaking into
influence factors and trip set points.

Select the most critical future failure mode with the shortest-ETTF and develop
prognosis” with associated confidence level and validity conditions.

re may be a requirement to produce one or more action options. The simplest action t
bn in certain circumstances, such as low criticality machines, is to carry out no immed
prognosis for this option is identical to the “initial prognosis”.

initial prognosis should state the critical existing failure mode, ETTF and confidence
critical future failure mode, ETTF and confidence'level if there is a high risk of occurre
act risk. A statement detailing the conditions.under which the prognosis is valid should

[prognosis.

5 Post-action prognosis

Identify any actions that will retard, halt or eliminate the progression of the critical exis
mode and try to mitigate the initiation of future failure modes.

Revise the failure model.and repeat the prognosis process [steps 7Z.2.2 b) to 7.2.4 b)
taking into account the'effects of any maintenance action.

Develop a feedback and continuous action plan with associated confidence level a
conditions.

ay be benéficial to consider interim maintenance actions to alleviate the failure mode p
prevent'the occurrence of future modes. These interim actions are normally non-intrus
hsingiabearing.

An

e modes.

hccount all

an “initial

hat may be
ate action.

level, and
nce and/or
hccompany

Fing failure

inclusive]

hd validity

rogression
ive, e.g. re-

ultimate solution option should also be considered. These actions are normally int

rusive, e.g.

overhauling the machine or replacing a part. The post-action prognosis for this option is normally based
on historical reliability data.

The post-action prognosis should state the critical existing failure mode, ETTF and confidence level
(post-interim-maintenance action), and the critical future failure mode, ETTF and confidence level if
there is a high risk of occurrence and/or impact risk.

A statement detailing the conditions under which the prognosis is valid should accompany the prognosis.

The recommendation of any action (nil, interim or final solution) will essentially be a risk-based decision
process that includes any financial, environmental, safety and other forms of risk or impact.
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7.3 Prognosis report

A complete prognosis report shall include the diagnostic requirements report described in ISO 13379-1
and, as a minimum, the following:

a)
b)
‘)
d)
d)

e)
f)

g)
h)

machine identification code or number;

machine description;

a statement of the operating condition of the machine at the time of measurement;

a stat

a list,
instru

the didgnosis including all identified failure modes;

mont detailing fl‘:n conditions undnr ('A'Ihil‘h thn hrr\n’nr\cic ic‘ va]ir‘-

.............. BT THerreroTT P 5 Tty

br reference to an available list, of all measurement points, parameters and measurengent
mentation used during the prognosis process;

the infitial prognosis (existing and future modes), confidence level, validity” conditions jand

associ

any additional tests required to increase confidence levels;

hted risk (no action);

any recommended action, its associated prognosis (existing and future modes), confidence lgvel,

validitly conditions and associated risk;

any alfernative action, its associated prognosis (existing ahd future modes), confidence lgvel,

validitly conditions and associated risk.

In general) the report may consist of a tabulated exception part detailing the facts in brief with an
attached

tests required, any recommended and alternative actions, future failure modes, associated progn

and other

tail section that provides more informatipnion each individual diagnosis, any additiInal
ses
ertinent information.

It may alsd be beneficial to include a severity.indicator and a trend indicator in any tabulated sectfion.
This wouldl enable the immediate recognition of severe and/or changing conditions and situatjons
where the

16

condition is approaching alarm and may become critical before the next set of readings.
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