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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

This is a procurement standard developed for the aspects of reliability, availability and maintainability of
gas turbines.

© IS0 2024 - All rights reserved
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International Standard

ISO 3977-9:2024(en)

Gas turbines — Procurement —

Part 9:

Reliability, availability and maintainability

1 Scop

-

This docuinent provides a basis for exchange of information about reliability, availability andimdintainability

between g
It defines
determini

This document is applicable to all elements of the gas turbine and auxiliaries.

ps turbine manufacturers, users, consultants, regulatory bodies, insurance companies g
terms and definitions and also describes component life expectancy, repairs and d
hg overhaul intervals.

2 Nor:]1
The followjing documents are referred to in the text in such a way thatsome or all of their content ¢

requiremg
the latest 4

ISO 3977-1
ISO 3977-3
[SO 11086
[SO 19859
[SO 12100

3 Term

For the py
[SO 12100

ISO and IE

IEC El

ISO Online browsing platform: available at https://www.iso.org/obp

ative references

nts of this document. For dated references, only the edition cited applies. For undated 1
bdition of the referenced document (including any amendments) applies.

, Gas turbines — Procurement — Part 1: Generalsintroduction and definitions
, Gas turbines — Procurement — Part 3: Design requirements

Gas turbines — Vocabulary

Gas turbine applications — Requirements for power generation

Safety of machinery — General principles for design — Risk assessment and risk reductio

s and definitions

rposes of this doetiment, the terms and definitions given in ISO 3977-1, ISO 3977-3,
and ISO 19859;and the following apply.

bctropedia: available at https://www.electropedia.org/

C maintainiterminology databases for use in standardization at the following addresses:

nd others.
riteria for

onstitutes
eferences,

SO 11086,

3.1
ageing

loss of performance (3.21) of a gas turbine due to wear and tear experienced in normal operation which is

not recove

rable by compressor cleaning, turbine cleaning, filter cleaning, etc.

Note 1 to entry: It is normally the result of increased seal clearances due to vibration and wear, loss of profile and
increased blade surface roughness due to corrosion, erosion, etc

3.2
available

state in which a unit is capable of providing service, whether or not it is actually in service, regardless of the
capacity level that can be provided

© IS0 2024 - All rights reserved
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3.3
coating

ISO 3977-9:2024(en)

in general, a consumable and generally replaceable overlay provided to protect the base material against
corrosion and/or erosion and/or act as a thermal barrier.

3.4
condition

monitoring

assessment of the condition of a gas turbine or its components by measuring those parameters which, over
time, have been established to correlate with an incipient failure condition, and where the monitoring action
is non- intrusive with respect to the equipment

Note 1 to entry: Any subsequent maintenance activity which is based upon a diagnosis of parts condition over time
and executed in accordance with the monitored degree of deterioration, is referred to as "on-condition maintenance”.

3.5
equivalen
weighted
determine

3.6
fired star
any starty

Note 1 to emtry: For fired hours, see service hours (3.26).

3.7
failure
sudden an

3.8
forced ou
FO
unplanned
unit to be

3.9
forced ou
FOH
time, in N
(unplanne

3.10
combusti
activity of

3.11
hot gas pa
activity of

t operating hours
operating events affecting the life of the machine forming an equivalent-opératiy
inspection intervals or life expectancy

k
Vhich achieves full ignition and applies heat to the gas path compofients

 unexpected ending of the ability of a component ofiequipment to fulfil its function

fage

component failure (3.7) (immediate, delayed, postponed) or another condition that r¢
rfemoved from service immediately or; before the next planned shutdown (3.28)

fage hours

ours, during which the(unit or a major item of equipment was unavailable due
d) outages

bn inspection
determininghecondition of the combustor section of the gas turbine (including the trang

th inspection
determining the condition of the combustion system together with the turbine compon

ay

g time to

quires the

to forced

ition duct)

ents of the

gas turbin

3.12

inspection

activity of

3.13

determining the condition of a component or assembly and necessary replacement

major inspection

activity of

3.14

determining the condition of the entire gas turbine

maintenance
sum of all measures intended to determine the actual gas turbine condition, together with the measures
required to preserve/restore the specified condition

© IS0 2024 - All rights reserved
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3.15
off-line

ISO 3977-9:2024(en)

any activity whilst the machine is out of operation

3.16
on-line

any simultaneous activity whilst the machine is in operation

3.17
on-line in

spection

any inspection (3.12) activity (e.g. of lubricating oil filter) carried out concurrent with the gas turbine being
in operation

3.18

on-line m
any maint
with the g

3.19
operating
accumulat

3.20
overhaul
act of disn
turbine in

3.21
performa
power out

3.22
period ho|
PH

hours in t}h

3.23
fast start
starting se

3.24
repair
any activit
turbine, w

3.25

schedulec
planned m

3.26

hintenance

hs turbine being in operation

hour
ed period of time from start (3.29) initiation operation to full stop

hantling, reconditioning, renewal and/or replacement of gomponents or sub-assembli
preparation for continued operation in accordance with¢he' manufacturer's guidelines

nce
put and efficiency (heat rate) of a gas turbine as’stated in the manufacturer’s specificat

urs

e period under consideration

quence in which the load'is/applied to a gas turbine according to an accelerated progra

y of correctionby-appropriate measures, including replacement if necessary, of any par
hich is damaged, destroyed or malfunctions or otherwise breaks down

| maintenance
aintenance (3.14) action with preplanned shutdown of the gas turbine at a specified tin

bnance (3.14) activity (e.g. of the auxiliary pump or sensing device) carried out'simulltaneously

bs of a gas

jon

mme

r of the gas

service hours

SH

accumulated period of time from main flame ignition through to flame extinction

3.27

service factor

SF

ratio of service hours (3.26) to period hours (3.22) in a period under consideration

Fsp = (tsu/tpn) x 100 %

© IS0 2024 - All rights reserved
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where Fgp is the service factor (SF)

3.28

shutdown

event in which the unit is brought from operation to a stationary condition under control of a programmed
unloading and stopping sequence

3.29

start

act of getting the gas turbine and its driven equipment from the ready-to-start condition to the ready-to-
load condition

Note 1 to entry: This includes synchronization with the network, breaker closure and stable running thereafter in the
case of gas furbines driving alternators, and stable running ol the driven equipment for mechanical drive ghs turbines.

3.30
starting reliability
n n
Feg = SS _Iss
Ngs +Npg)  nNgp
where

Fsp  |is the start reliability (SR);
ngs |is the number of successful starts (SS);
ngs |is the number of failures to start (FS);

nga |is the number of starting attempts (SA).

3.31
successful start
SS
occurrencg of bringing a unit through a starting attempt to the in-service state within a specified period,
as evidended by the maintained closure’ of the generator to the system or stable operation of fhe driven
equipmen{

3.32
trip
sudden sHutdown (3.28) ef the unit from load by stopping the fuel supply and opening the load or
generator|breaker

3.33
trip-to-idle
sudden regluctign-of the unit from load to idle on receipt of an appropriate grade of trip (3.32) signal

3.34

uprating
act of increasing the power output and/or efficiency of an existing gas turbine by the exchange of parts or
adding/modifying auxiliary systems designed for the condition imposed by the increased performance (3.21)

Note 1 to entry: Uprating can sometimes be achieved by increasing the turbine inlet temperature, without physical
modification after a successful field trial at a lower, i.e. introductory, rating.

© IS0 2024 - All rights reserved
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4 Maintainability

4.1 General

Maintainability is the probability that an item will be retained in or restored to a specified condition within
a given period of time when the scheduled maintenance is performed in accordance with the manufacturer’s
prescribed procedures and resources. The term is also used to denote the discipline of studying and
improving the maintainability of products, primarily by reducing the amount of time required to diagnose
and repair failures.

For the purposes of this document, the planned outage factor shall be used as a basic measure of
maintainability.

Poi 1)

Fpor
tpy

where

Fpor |is the planned outage factor (POF);
tpoy |is the planned outage hours (POH);
tpy |is the period hours (PH).

POH
NOTE 1 n I[EEE 762:2023 9.2.3.4.1, The planned outage factor in Formula (1) is written as P0F=Zﬁ where

ACTH is active hours.

Values shalll be supplied for

— Dbasic maintenance and inspection: 8 760 h (1 year);and

— major|service and inspection: 26 280 h (3 years) or less (using cumulated period hours).

Average forced outage period (sometimes galled mean down time) for the gas turbine package, shpll be used

as shown in Formula (2):

troH )
Npo

trop =
where

trop |is the averagéforced outage period (FOP);
troy |is the forced outage hours (FOH);

Ngo |is-the'number of forced outages (FO).

NOTE2 In IEEE 762:2023, 6.10.1, the mean forced outage duration in Formula (2) is written as
FOH

H
r= D =—— where ris the mean forced outage duration and NFO is the number of
number of forced outages FO

forced outages.

NOTE 3  The purpose of this clause is to provide a basis for the exchange of maintenance information between the
user and manufacturer.

© IS0 2024 - All rights reserved
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4.2 Manufacturer's responsibility
4.2.1 Inspection schedules

4.2.1.1 The manufacturer shall provide a schedule of inspections necessary to maintain the unit in a safe
and reliable condition. The manufacturer shall state:

— component lifing;
— coating lifing;

— how intervals between the different types of inspection are to be determined;

—  how the different types of inspection are influenced by the operating regime and type of fuelland water
or steqm injection.

As examples, two methods are suggested:
a) methdd based on assigning equivalent operating hours to every event in the operating history pf the unit;

b) methdd based on a series of operating regimes to which are related inspection schedules, together with
multipliers to account for different fuels and different loads (base, peak,reserve peak, etc.).

4.2.1.2 The gas turbine manufacturer and/or the user define an opetating regime or a series of operating
regimes ag appropriate.

Examples pf operating regimes which represent those found in cemmon practice are:
— A: fullfload continuous;

— B: utiljty-base load;

— C: utilJty-intermediate;

— D: altgrnating base and peak load;
— E:daily cycling;

— F: utiljty-peaking;

— G: emgrgency standby;

— H: user specific.

Regimes Alto H are defined in terms of:
— fired Rours;

— servicg factor;

— fired hours/start,
— faststarts;
— unit trips from full load.

The manufacturer defines inspection intervals (e.g. combustion inspection, hot gas path inspection, major
inspection) based on operating hours and modified for operational regimes and various multipliers.
Examples of multipliers are (but not limited to):

a) fuel effects:

— gas;

© IS0 2024 - All rights reserved
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— alternative gas;
— distillate oil;
— crude oil;
— heavy residual fuel;
— user specific;
b) firing temperature effects:

— baseload;

— p¢akload;
— rgserve peak load;
c) operafion effects:
— fast hot start;
— fapst cold start;
—  GT trip;
d) waterfsteam injection effects.

Together yith the schedule of inspections, the manufacturer shall indicate the following for edch type of
inspection:

— task dpscription;

— estimated outage time;

— estimated parts and material requirements;

— estimated personnel man-hour requirements;

— skill lgvels, tools, testing equipment and facility requirements;

— recommended location for task aecomplishment;

— details of all components.and assemblies to be removed from site to a repair centre;
— total time away from-siteé of components and assemblies sent to a repair centre;

— mass ¢f heaviestitem to be lifted;

— accesyrequired;

— times atwhich meetings between manufacturer and user shall be held to review previous ifhspections

d don A PN e 1 dl dn dn L 1 1
anda oper dlUIg IIISTUTLY, dlIU LU PIdIT LT TITATIIISPCULLIUIT /UVETIIdUI,

— times at which lubricating oil and hydraulic fluid assays should be carried out.

4.2.2 On-line inspection and on-line maintenance

The manufacturer shall state what inspection and maintenance work may be carried out with the gas
turbine on-line, together with any load or speed restrictions which are imposed by these activities. The
manufacturer shall also state what special equipment is required and what safety precautions shall be
observed when carrying out on-line inspection and maintenance.

© IS0 2024 - All rights reserved
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4.2.3 Condition monitoring

If required by the purchaser and if available, the manufacturer may offer a condition monitoring system,
giving full details of the information which needs to be monitored, the frequency of monitoring, how the
information is processed and any methods of forecasting and/or diagnosis of possible faults, deterioration
or the need for maintenance, e.g. trend analysis.

4.2.4 Running maintenance

The manufacturer shall state all inspection and maintenance which shall be carried out as part of normal
operation outside the scheduled inspections, including compressor cleaning, turbine cleaning, filter cleaning,
filter changing, oil changing, etc. As part of this requirement, the manufacturer shall indicate all methods

available f

TCOTIITT VYV ICITO O O o I ro T eI et Ire - C O p T C oo oo o] O c o orires

4.2.5 Fduling

The manu
turbine fo
fouling is 3

Informatig
major and|
replaceme

4.2.6 De

If require
performar
mass flow,
of 4000, 8

4.3 Use

It is the us

facturer shall state typical figures for recoverable performance loss due to.compres
nling, based on similar plant on similar operating regimes in similar eflvironments.
ignificant, it should be identified separately.

n should be provided by the manufacturer to show typical necovery in perform
minor maintenance actions, compressor washing, both on-line.and off-line, and air ir
nt.

toradation

1 by the purchaser, the manufacturer shall prove predictions of long-term non-r
ce due to ageing, based on experience with similaf’plant. Information on changes to ¢
compressor efficiency, gas turbine exhaust temperature, power output and heat rate aff
000,16 000,32 000 and 48 000 operating. hotirs could be provided.

I''s responsibility

er's responsibility to carry out thefollowing.

Establish a fuel purchasing, handlifig and storage policy to ensure that only as-specified fuel i

gas turbine.

This may include (but not limited to)

pnitoring of fuelquality as delivered and stored,
e use of a calibrated gas/liquid chromograph,

e of magnetic plugs,

a)
to the
— m|
— th
— g
— t

b)

9

d)

e) Keepi

sor and /or
If turbine

hnce from
take filter

bcoverable
bmpressor
er periods

b delivered

e cleaning and examination of fouled filters,
tnmm
the periodic cleaning of fuel storage facilities, and
centrifuging as appropriate and the logging of fuel quality.

Maintain competency of staff.

Observe manufacturer’s operating and maintenance instructions.

Use only manufacturer-recommended spare parts and consumables.

nspection and maintenance records.

© IS0 2024 - All rights reserved
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f)  Plan major maintenance. This would also apply to major refurbishment or uprating.

g) Store and care maintenance equipment.

4.4 Spares parts

The manufacturer shall provide a list of recommended parts required:

a) installation and commissioning consumable and contingency spares;

b) operational consumable spares which include the spares to cater for the random failure of minor
components during normal operation between inspections such as:

— gdskets;
— "Q" rings;

— thlermocouples;

— te

— piessure switches;

— filter elements;

¢) maint
These
d) opera
These
pump
4.5 Ope

The manuffacturer shall provide, by agreement with the user, operating log sheets in which

the operat
provided.

a) Perfor
— pi
— cd
— cd

— Cd

mperature switches;

bnance/overhaul spares;
are spares needed at the various types of scheduled inspéction.
ional contingency spares.

are spares to cater for unpredictable failures ef components, and could include bearing;
5, sets of compressor blades, complete rotors/er gas generators.

rating log sheets

ing history of the gas turbine and driven unit. Alternatively, automatic data recordi
['he following is a typical list-of data which requires to be logged/recorded.

mance:

essure drop acrossintake air filter;
mpressor inletpressure;
mpressaf-inlet temperature;

mpregsor discharge pressure;

— Cd

,auxiliary

to record
ng may be

mprpccnr dicr‘hnr‘gp fpmpprah]rp;

— compressor mass flow;

— turbine entry pressure;

— turbine exhaust pressure;

— turbine exhaust temperature;

— fu

el flow(s);

— turbine speed (s);

© IS0 2024 - All rights reserved
9


https://standardsiso.com/api/?name=30c018a1d9b87790ea4df104adf2b3f3

b)

d)

ISO 3977-9:2024(en)

— system frequency;

— load;

— throttle opening;

— guide vane position(s);

— water/steam injection flow;
— fuel calorific value.

Mechanical:

— vipration levels;

— oi| pressures;

— oi|l temperatures;

— oi] tank level(s);

— cdoling air flow(s);

— cdoling air pressures;

— cdoling air temperatures;

— cdoling air control valve position(s);
— cdoling water pressure(s);

— cdoling water temperature(s);
— adceleration time(s);

— ryn-down time(s).

Emissjons:

NO,

co
at intervalsorncontinuously as required by regulatory authorities or others

0;

co,

SO,;

C as soot;

unburnt hydrocarbons (UHC).

Availability and reliability:

— number of attempted normal starts;
— number of attempted fast starts;

— number of successful normal starts;

— number of successful fast starts;

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=30c018a1d9b87790ea4df104adf2b3f3

ISO 3977-9:2024(en)

— operating hours up to base load;
— operating hours up to peak load;
— operating hours as synchronous condenser;
— alarms:
— date and time;
— reason;

— trip-to-idle:

— date and time;
— reason;
— trjps fuel shut-off:
— date and time;
— reason;
— oytage events:
— date and time of outage;
— date and time of end of outage;
— location;
— mode;
— cause;
— consequence;
— measures;
— sHutdown:
— date, time and reason;

— energy generated.

5 Reliability and-availability

equipment reliability or availability, but rather serve to screen for the acceptability (or thoroughness) of
manufacturing and installation. The remedy for failure of a reliability acceptance test shall be to apply a
generic correction to the observed deficiencies and then re-attempt the test.

One form of acceptance test is a starting reliability acceptance test. Starting reliability acceptance tests
require a number of consecutive successful starts performed in accordance with operating instructions
supplied with the unit.

Another common form of a reliability acceptance test is the 15-day or 30-day demonstration test, for which
success is defined as not exceeding X forced outage events or Y equivalent plant outage hours over the
duration of the test. If the user requests this type of reliability acceptance test, the supplier shall provide
values for both X and Y appropriate to the plant configuration and normal operating expectations. As a

© IS0 2024 - All rights reserved
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