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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 commlttee International organizations, governmental and non-governmental, in
liaison with ptechnical
Commission (IEC) on all matters of eIectrotechnlcaI standardlzat|on

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
The main tagk of technical committees is to prepare International Standards. Draft International Standards adopted
by the techpical committees are circulated to the member bodies for voting. Publication as an Infernational
Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dirawn to the possibility that some of the elements of this part of ISO3977 may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 3977-8 as prepared by Technical Committee ISO/TC 192, Gas turbires.

ISO 3977 cdnsists of the following parts, under the general title Gas‘turbines — Procurement:
— Part 1: General and definitions

— Part 2: $tandard reference conditions and ratings

— Part 3: Design requirements

— Part 4: fFuels and environment

— Part 5: Applications for petroleum and-natural gas industries

— Part 7: Technical information

— Part 8: Inspection, testing;-installation and commissioning

— Part 9: Reliability, avaitability, maintainability and safety

iv © 1SO 2002 — Al rights reserved


https://standardsiso.com/api/?name=7161e57ac8101aa01237fae0ae7bde90

INTERNATIONAL STANDARD

ISO 3977-8:2002(E)

Gas turbines — Procurement —

Part 8

Inspection, testing, installation and commissioning

1 Sco

This part
product a

pe

nd services.

It gives gdidance on the inspection, testing, installation and commissioning required for the package a

equipmen
reporting

t. It outlines the responsibilities between the purchaser and packager for inspection,
bnd recording.

2 Nor

ative references

The following normative documents contain provisions whichi.through reference in this text, constitute

this part gf ISO 3977. For dated references, subsequent amendments to, or revisions of, any of these

do not apply. However, parties to agreements based on-this part of ISO 3977 are encouraged to in

possibilit

referenceg, the latest edition of the normative document referred to applies. Members of ISO and |

registers

ISO 2314
ISO 3977
ISO 3997
ISO 3977
ISO 3997

ISO 4406

of applying the most recent editions of the normative documents indicated below.
f currently valid International Standards:
1989, Gas turbines — Acceptance tests

1:1997, Gas turbines — Procurement — Part 1: General introduction and definitions
2:1997, Gas turbines < Procurement — Part 2: Standard reference conditions and ratings
3:2002, Gas turbines — Procurement — Part 3: Design requirements

4:2002, Gas’turbines — Procurement — Part 4: Fuels and environment

ISO 6190

1988, Acoustics — Measurement of sound pressure levels of gas turbine installations fi

of 1ISO 3977 states the principles for systems and procedures to assure the ‘integrity of @ packager's

nd packaged
coordination,

brovisions of
publications
estigate the
For undated
EC maintain

1999¢-Hydraulic fluid power — Fluids — Method for coding the level of contamination by solid particles

r evaluating

environmental noise — Survey method

ISO 10442:—") | Petroleum, chemical and gas service industries — Packaged, integrally geared centrifugal air

compress

ors for general refinery service

ISO 11042-1:1996, Gas turbines — Exhaust gas emission — Part 1: Measurement and evaluation

ISO 11086:1996, Gas turbines — Vocabulary

1) To be published.
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ISO 13709:—

1), Centrifugal pumps for petroleum, petrochemical, and natural gas industries

ISO 13691:2001, Petroleum and natural gas industries — High-speed special-purpose gear units

IEC 60034-1

:1983, Rotating electrical machines — Part 1: Rating and performance

IEC 60034-4:1985; Rotating electrical machines — Part 4: Methods for determining synchronous machine
quantities from tests

3 Terms_and definitions

For the purposes of this part of ISO 3977, the terms and definitions given in ISO 3977-1, 1ISO 39773, 130 3977-4
and ISO 11086 and the following apply.

31

inspection

process by Which it is demonstrated that materials, components, assemblies or complete packages satisfy one or
more particylar specification requirements of the packager or purchaser

NOTE This may include verificational documentation, reports, material certificates, chemical analyses, physical or
dimensional ghecks, build records, visual checks and/or results of documented inspéctions and tests including any|other non-
destructive evaluation (NDE) methods or techniques that may be employed.

3.2

test

process by which it is demonstrated that assemblies, completed“components or packages satisfy thg physical,
functional and operational requirements as specified by the, packager's test schedules and procedurgs, or the
purchaser's ppecification

3.3

witnessed

term meaning that a hold is applied to the production schedule and that the inspection or test will be qarried out
with the purghaser or his representative in attendance

3.4

observed

term meaning that the purchaser withbe notified of the timing of the inspection or test

NOTE Hpwever, the inspectionsor test should be performed as scheduled, and if the purchaser or his representfative is not
present, the packager should progeed to the next step.

4 Genernal principles

The packagershall furnish the purchaser with inspection and testing plans. These define the actions required by
the packagerand his Sub-SUppIers to assure the mtegrity of the package.

These plans should include any specific requirements stated by the purchaser in his enquiry and any local or
national regulations applicable to the package in either the country of origin or destination. The plan shall be
agreed between the packager and purchaser, and any third-party inspector who may be appointed by the
purchaser, prior to commencement of manufacture.

It is the purchaser's responsibility to notify the packager of any applicable local and national regulations in the
country of destination.

Where inspection and testing have to be done on site, these shall be identified in the inspection and testing plans
and agreed between the packager and purchaser.

© 1SO 2002 - All rights reserved
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The packager and purchaser shall agree to the following:

— the extent of purchaser participation in the inspection and testing, including witnessed and observed test
points;

— detail

running test procedures and acceptance parameters and criteria;

— notification period for hold points and witnessed tests and observed tests;

— facilit

The pac
commissi

— certif
— purch
— testad

— resul
radio

— when

ies and services to be provided by the purchaser.

bning for examination by the purchaser or his representative upon request:
cation of materials;

ase specifications for all items on bills of materials;

ata to verify that the requirements of the specification have been met;

s of documented material inspections, including fully identified ¢«records of all heat trdg
Jraphy processes;

specified, final-assembly maintenance and as-built clearanceés:

In addition to the above requirements, the purchaser may specify the following:

— parts

that shall be subjected to surface and subsurface examination;

— the type of non-destructive evaluation to be applied:

5 Insp

51 Ge
Inspectior
— mate
— comg
— fabrig

—  sub-g

ection

heral

activities are carried out\throughout the entire manufacturing process and may cover
rials,

onents,

ations,

ssemblies,

— auxillary packages, and

— finish

ed gas turbine packages.

the date of

atment and

Where inspection activities involve pressure-containing parts, these shall not be painted until the specified
inspection of the parts is completed.

5.2 Material inspection

Non-destructive evaluation (NDE) procedures and acceptance criteria used in the manufacturing and assembly
procedures for the gas generator, power turbine and all other items of equipment shall be in accordance with the
agreed inspection and testing plans.

© 1S0O 2002

— All rights reserved


https://standardsiso.com/api/?name=7161e57ac8101aa01237fae0ae7bde90

ISO 3977-8:2002(E)

5.3 Mechanical inspection

During assembly and prior to functional/operational testing, components or sub-assemblies (including cast-in
passages of these components) and all piping and appurtenances shall be cleaned chemically or by another
appropriate method to remove foreign materials, corrosion products and mill scale.

Any portion of the oil system furnished shall meet the cleanliness requirements of ISO 4406.
When specified, the purchaser may inspect the equipment and all piping and appurtenances furnished by or

through the packager for cleanliness before heads are welded to vessels, openings in vessels or exchangers are
closed, or piping is finally assembled.

When specified, the hardness of parts, welds and heat-affected zones shall be verified as being/ithin the
allowable vglues by testing of the parts, welds or zones. The method, extent, documentation and withesging of the
testing shall|be mutually agreed upon by the purchaser and packager.

6 Testing

6.1 Geneyal

This clause| deals with the minimum recommended requirements for~the physical testing of components,
assemblies and the complete package prior to entry into commercial service:

The purchager and packager shall agree on the scope of testing. ‘Fhis may include a selection of optipnal tests
specified by[the purchaser as described in 6.4.

Figure 1 shgws the desired sequence of mandatory and optiehal operation testing and may be used for gliidance.

All test repofts shall be retained for periods consistent with the requirements of ISO 3977-2.

6.2 Hydrostatic test

As a minimym, components defined by legislation or national standards as pressure vessels (excluding the casings
of gas genefator and power turbine) shall\be tested hydrostatically according to legislation or national $tandards,
but at least|with liquid at a minimum of 1,5 times the maximum allowable working pressure but not|less than
140 kPa differential pressure. Other,components and systems shall be tested in accordance with the puirchaser's
requirements or statuatory or mandatory requirements applicable to the destination territory. The test liqu|d shall be
at a higher temperature than thenil-ductility transition temperature of the material being tested.

If the part tg¢sted is to opérate at a temperature at which the tensile strength of a material is below the tensile
strength of that material ‘at room temperature, the hydrostatic test pressure shall be multiplied by a facto[ obtained
by dividing the allowable working stress for the material at room temperature by that at operating temperature. The
data sheets ghall list actual hydrostatic test pressures and temperatures.

The chloride-eonter 5 ehitic-staintess-s tals 5 ger million.
To prevent deposition of chlorldes as a result of evaporatlve drylng, all reS|duaI I|qU|d shall be removed from tested
parts at the conclusion of the test.

Tests shall be maintained for a sufficient period of time to permit complete examination of parts under pressure.
The hydrostatic test shall be considered satisfactory when neither leaks nor seepage through the casing or casing
joint is observed for a minimum of 30 min. Large, heavy castings may require a longer testing period which is to be
agreed upon by the purchaser and packager.

Seepage past internal closures required for testing of segmented cases and operation of a test pump to maintain
pressure are acceptable.

4 © 1SO 2002 — Al rights reserved
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Gas Gas Power Driven Package Control
turbine generator turbine Equipment systems system
Gas Power Driven Operational and

generator test
mechanical test
performance test

(see 6.3.2)

turbine test

(see 6.3.3)

equipment test
mechanical running
test per component
specification
(see 6.3.4)

simulated
operational test

(voir 6.3.5)

Auxiliary equipment test

Comg

lete gas turbine performance test

Driven equipment
performance test
per component

Systems’
check-out test
to sub-supplier's

Comglete gas turbine mechanical running test specification (marfufacturer's)
standard
(see 6.3.4) (see 6.3.9)

Gas tlirbine or gas generator (power turbine)
incl. cpntract driven equipment performance test
Complete package full-speed no-load mechanical runningtest (see 6.3.11)
Complete package full-speed full-load test, (see 6.3.12)
Exhaust Torsional Sound Post-test Spare parts test
emispions test test level test inspection (rotor)
(optional) (optional) (optional) (optional) (optional)
(sde 6.4.2) (see 6.4.3) (see 6.4.4) (see 6.4.5) (see 6.4.6)

Figure 1 — Diagram of options for testing

6.3 Functional/operating tests

6.3.1

General

Figure 1 shows a visual representation of the alternative testing options.

The extent of testing possible prior to delivery to site will depend upon the design, rating and size of gas turbine
and the facilities available at the packager's works. Where these factors prohibit shop testing, the package shall be
tested at an alternative location or on site. In any case, site acceptance tests are usually required irrespective of
the extent of works testing.

© ISO 2002 - All rights reserved 5
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The extent and location of testing shall be agreed between the purchaser and packager. Gas turbine and gas
generator performance tests shall be in accordance with ISO 2314. The following are examples of the tests which
are commonly performed:

gas turbine tests;
gas turbine with the contract driven equipment;

complete package test.

For gas turbines with a free power turbine, the following alternative tests may be performed:

gas gen

free poV

These tests
be used to €

The tests sh
cold sta
hot stari
full rang
operatid
operatid

All lubricati
recommend

The casings
All oil and f
purchaser, G

All warning,
to be witnes

6.3.2 Gas

The gas ger
turbine. The

erator tests;
ver turbine test.

may be performed at no load, part load or full load. For mechanical drive applications, the ¢
xecute full pressure, full load or full speed tests of the driven equipment.

pll include, as appropriate,
r-ty
e operation of variable inlet guide vanes and/or statorstages,
n of bleed valves, and

n of anti-icing systems (when they are furnished).

hg oil pressures, viscosities and .temperatures shall be within the range of operatin
bd in the packager's operating instructions for the specific unit being tested.

lube oil system, fuel system+«and hydraulic system shall be checked for joint and connection
el leaks shall be corrected. Air leaks adversely affecting performance and, in the judgem
ausing a safety hazard shall be corrected.

protective and control' devices shall be adjusted and tested for satisfactory operation. Wher

generator

test* shall demonstrate mechanical running, power and thermal efficiency in accordancg

river may

g values

tightness.
ent of the

tests are

sed by the purchaser, only a random selection shall be chosen for demonstration during the tgst.

eratorshall be tested either as an individual assembly or as a component part of the asseinbled gas

with the

manufactur

r'scnacifications
FS-SPeGHEaHORS:

This test may be conducted using slave test bay equipment (i.e. controls, ducting, air filtration, dynamometer,
nozzles, etc.), however, this shall be identified in the test procedures as supplied by the packager and approved by
the purchaser.

During the gas generator mechanical running and/or performance test, the mechanical operation of all contract
equipment and safety devices that can be tested shall be satisfactorily demonstrated. Vibration readings shall not
exceed the limits given in 6.7.2.1 of ISO 3977-3:2002. The performance of the machine shall meet the criteria

specified.
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6.3.3 Power turbine
Where a power turbine is tested separately (i.e. not directly coupled to the gas generator, see also 6.3.2), it shall be

tested for compliance with respect to vibration levels and the satisfactory operation of the fitted protection devices
and instrumentation.

6.3.4 Driven equipment

6.3.4.1 Electrical generator test

The electrical generator shall be tested at the generator vendor's manufacturing facility in accqrdance with

IEC 60034-1 and IEC 60034-4.

The generator shall be load performance tested with the package coincidental with the turbine/load equiipment train
mechanichl run test at a location to be agreed

6.3.4.2 |Compressor test

Compressors for the oil, gas, petrochemical and refining industries shall be shop-tested in accordapce with the
requiremgnts of ISO 10442.

Optional tests within ISO 10442 may form part of the package shop tests-

6.3.4.3 | Pump test

Pumps fof the oil, gas, petrochemical and refining industries shall be tested in accordance with the requirements of
ISO 137089.

Optional tests within ISO 13709 may form part of the package shop tests.

6.3.4.4 |Load gear test

Main loaq gears for the oil, gas, petrochemical and refining industries shall be tested in accordanpce with the
requiremgnts of ISO 13691.

6.3.5 Caontrol system

The contract control panel shall be fully hardware operational tested. A functional test shall also b¢ performed,
either as p type test or as~a-contract specific test on the contract control panel, as agreed between the purchaser
and packpger. The funCtiohal test shall be carried out against a simulator, or the packager shall fully check the
operation|of all gas tutbine operating parameters prior to the installation and commissioning phase.

6.3.6 Auxiliary-equipment tests

When spécified,auxilia equipment as listed-in-5 of 1SO 39 3:2002 shall be tested prior to thd mechanical
running test. Details of the auxiliary equipment tests shall be developed jointly by the purchaser and packager.
6.3.7 Gas generator/power turbine mechanical test

When specified, a separable gas generator and power turbine shall be mechanically tested together. Testing shall
be in accordance with 6.3.2. The mechanical condition of power turbines shall comply with the vibration and

balancing requirements of 4.7.2 of ISO 3977-3:2002. For power turbines with hydrodynamic bearings, oil
temperatures and bearing temperatures shall comply with the packager's specifications.

© ISO 2002 - All rights reserved 7


https://standardsiso.com/api/?name=7161e57ac8101aa01237fae0ae7bde90

ISO 3977-8:2002(E)

6.3.8 Gas generator/power turbine performance test

The gas turbine power and thermal efficiency test shall be carried out in accordance with ISO 2314 and/or as
agreed by the purchaser and packager.

6.3.9 Systems check-out

All on-package and off-package components and systems shall be tested in accordance with the manufacturers'
standards and established procedures. These tests shall confirm the integrity of the systems and their ability to
function correctly, and may include as appropriate, some or all of the following:

— visual irjspection;

— loop checks;

— pipework flushing;

— pressure testing or leak testing;
— instrument set points;

— valve sgquencing.

6.3.10 Gas furbine including contract driven equipment
Testing of the complete gas turbine (gas generator and power _turbine) including contract driven equipment shall

take place grior to entry into commercial operation and may take place either at the packager's facility jor on site
after installajion and commisioning, but in any event shall be;in*accordance with agreed testing procedures.

6.3.11 Full-speed no-load (FSNL) test

6.3.11.1 FPBNL test preparation

Test preparation in accordance with this.subclause shall be performed before the FSNL test is performed at the
packager's facility or, if agreed, on site.

The contradt bearings and, whete) practical, the contract shaft seals shall be used in the packade for the
mechanical funning test.

All lubricating oil pressures, viscosities and temperatures shall be within the range of operating values
recommended in the pactkager's operating instructions for the specific unit being tested.

Where slavg test-stand oil filtration is used, it shall be 10 um nominal or better. Oil system components
downstream|of the'filters shall meet the cleanliness requirements of ISO 4406 before any test is started.

All joints and connections shall be checked for tightness, and any leaks shall be corrected.
All warning, protective and control devices shall be checked, and adjustments made as required.

For mechanical drive applications, facilities shall be installed to prevent the entrance of oil or other debris into the
driven unit during the mechanical running test. These facilities shall be in operation throughout the test.

Testing with the contract coupling(s) is required when the driven unit is connected. After the running tests, the
shrink fit of hydraulically mounted couplings shall be inspected by comparing hub/shaft match marks to ensure that
the coupling hub(s) have not moved on the shaft during the tests.

All contract vibration probes, cables, oscillator-demodulators and/or accelerometers shall be in use during the test.

8 © 1SO 2002 — Al rights reserved
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Wherever possible, shop test facilities shall include instrumentation with the capability of continuously monitoring,
plotting and recording revolutions per minute, peak-to-peak displacement, peak acceleration, r.m.s. velocity and
phase angle. All vibration data shall be presented as agreed upon.

When vibration acceptance criteria are identified in terms of seismic values, these shall be stated in the test
procedures and actual values recorded using the contract instrumentation during the test.

6.3.11.2 Speed control

For electrical drive applications, the speed control equipment shall be demonstrated over the agreed governor
range. For mechanical drive applications, the equipment shall (where permissible) be operated at speed

incremen
case, equ
vibrations

The outp
satisfacto

Overspeeg|

The spee
operating

The spee
agreed.

Caution s

6.3.11.3

During th
the test in
the specif]

While the
in the te

s of approximately 10 % from minimum governor setfing fo the maximum confinuous spekd. In either

ipment shall run at the normal maximum continuous speed until bearings, lube-oil temp
have stabilized.

Ut speed shall be increased in accordance with the packager's recommendations to
'y operation of the unit at speeds within 3 % of the set trip speed for a maximum\duration of 1

d trip devices shall be checked and adjusted until a value within 1 % of thesnominal trip settin

d governor and any other speed-regulating devices shall be tested for smooth performar
speed range. No-load stability and response to the control signal shall be checked.

 shall be reduced to the maximum continuous speed, and«he’/equipment shall be run for 4

nould be exercised when operating at or near critical speeds.

Test operation

e mechanical running test, the mechanical operation of all equipment being tested and the
strumentation shall be satisfactory. The measured vibration levels of each component shal
ed limits and shall be recorded throughout the operating speed range.

equipment is operating at maximum continuous speed and at other speeds that may have be

ratures and
demonstrate
B min.

j is attained.

ce over the

h, or less if

operation of
not exceed

en specified

5t procedure, frequency speetrum analysis shall be made to demonstrate vibration amplitudes at

frequenci
continuou

s other than synchronous:‘As a minimum, these shall cover the range from 0,25 to 8 times t
running frequency. |f.the’ amplitude of any discrete, non-synchronous vibration exceeds

specified yibration levels, the purchaser and packager shall mutually agree if any additional testing is n

equipme

is suitable for shipment.

When spegcified for flexiblé-shaft machines, the mechanical running test shall verify that the gas tU
critical spgeds conformito the requirements of ISO 3977-3:—, subclause 4.7.3 and annex B. The first |
speed defermined\during the mechanical running test should preferably be indicated on the nameplatg
the word [test’s-When the first critical speed cannot be determined due to damping, the calculated d
should preferably be indicated on the nameplate followed by the word “calculated”.

ne maximum
20 % of the
eeded or the

rbine lateral
ateral critical
followed by
ritical speed

When specified, recordings shall be made of all real-time vibration data.

6.3.11.4

Final test

If replacement or modification of bearings or seals or dismantling of the case to replace or modify other parts is
required to correct mechanical or performance deficiencies, the initial test shall not be acceptable, and the final
tests shall be run after remedial work.

6.3.12 Full-pressure/full-load/full-speed test

The details of the full-pressure/full-load/full-speed test shall be agreed by the purchaser and packager. This test
may be substituted for the mechanical running test.

© 1S0O 2002

— All rights reserved


https://standardsiso.com/api/?name=7161e57ac8101aa01237fae0ae7bde90

ISO 3977-8:2002(E)

6.4 Optional tests

6.4.1 General

When specified, the optional tests selected from 6.4.2 to 6.4.7 shall be performed, depending on the facilities,
either in the shop or on site as mutually agreed between the packager and purchaser.

6.4.2 Exhaust emissions test

Exhaust emissions test shall be carried out in accordance with ISO 11042-1.

6.4.3 Torstonal test

Torsional vilbration measurements shall be made to verify the complete power train torsional,analysis| The test
procedure shall be mutually agreed between purchaser and packager.

NOTE Torsional tests are very complex and require a highly sophisticated test setup.
6.4.4 Sound-level test

The sound-level test shall be performed in accordance with 1ISO 6190 orya procedure as agreed befween the
packager and purchaser.

6.4.5 Postftest inspection
Borescopic inspection and/or dismantling inspection and reassembly of the major driven equipment, geafs and the

driver may be made after satisfactory completion of the mechanical running test. The packager and purchaser shall
agree to what extent the package equipment shall be dismantled and inspected.

6.4.6 Spare-rotor test

Spare rotorg| shall be tested as specified by thepurchaser

6.4.7 Endurance test

Prolonged rynning (24 h or more) may-be specified by the purchaser. The objectives and acceptance critgria of this
running shall be agreed between-the’packager and purchaser.

NOTE Upually, but not exclusively, these tests are required to demonstrate an agreed minimum reliability of the package or
a particular cgmponent or system.

7 Preparationfor storage and shipment

7.1 General

Gas turbines and their associated equipment shall be suitably prepared for the shipment in a manner appropriate to
the type of transport, and clearly marked using internationally recognized symbols.

Where required, preservation shall make the equipment suitable for 6 months of outdoor storage with no
disassembly after that period. If storage for a longer period is specified, the purchaser shall consult with the
packager regarding the recommended procedures to be followed.

The purchaser shall inform the packager about the storage facilities on site. The packager shall provide the

purchaser with the instructions necessary to assure the integrity of the storage preservation after the equipment
arrives at the job site and before start-up.
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