INTERNATIONAL
STANDARD

ISO

3977-3

Second edition
2004-08-15

Gas turbines — Procurement —

Part 3:
Design requirements

Turbines a gaz — Spécifications pour l'acquisition —

Partie 3: Exigences de conception

—_— Reference number
= — ISO 3977-3:2004(E)

© SO 2004


https://standardsiso.com/api/?name=f78cfbdf29ea320bec298e85db518141

ISO 3977-3:2004(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0O 2004

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=f78cfbdf29ea320bec298e85db518141

Contents

0T =NV o o R
1 8T o - S
2 NOIrMALIVE FEfEIrENCES ......oeceeeeeeeeeeeeeeee e e e e e ece e e e ene e e s sme e e e e mreeeeeameeeesesnnees
3 Terms and definitioNs .......cooc i e
4 BasiC reqUIrements....... ... sssssssssssssssssssssssssssssssssssssssnsoboivonnns
4.1 7= o 1= | Y P
4.2 Site-specific CONAItiONS.......cccoviiii i s e
4.3 Operational reqUIremMeNts ........cccoocccccceeiieiinsc e ssssmsere s e s s s smme e he s he s s s s mmnnneeneesas
44 Service reqUIremMEeNts.........ccccoeiiriiiiiiccecrr e emmne e e e T e e e e e
4.5 Rotating equipment requirements ...........ccccoermiirriiiiccccssicneeeeeeees e e
4.6 Other equipment reqUIremMENtS..........cccciiriiiiiiciirerire e b Faade s s mmme e e s e e e s smmme e e e s
4.7 Vibrations and dynamics.........cccciiiiiiininir i abbe e
5 Packaging and auxiliary equipment..............ooiiiiiiiiccssmt e
5.1 Basic deSign ... B e
5.2 Auxiliary equipmMeNnt...... ...
6 Control and instrumentation............c.co i N e
6.1 CoNtrol SYSEEMS .....cceiiiiie e AT T n e e e e s e s s s snmn e e e e ee s s snmnn e e e e e e an s nmnnneean
6.2 £ T ] T O PSSP
6.3 100 = T |15 ' o S
6.4 Unloading and ShUtdOWN ... e A s
6.5 Ventilation and purging ... i
6.6 =Y I o o T o
6.7 Governing and liMiting ..ot
6.8 L0 g TEX=T T T oo 411 ¢ oY I S
6.9 L 1V7=1 =7 o L= T 0] o (=Y o2 £ Lo o T
6.10( Protection SysStems.... coiite i ———————————
6.11| Compressor Wash SYSeM.........cccoiiciiiiirirrir e re e s e e e e ee s ne e e e s mneeean
6.12] Control system considerations ............cccccceiiiiiiiccccisemrier s
6.13| Control panel installation ... ————
6.14| Operability and diagNOSHiCS.....cccccviriiciiimririir e mnnne s
6.15] Data commMUNICAtIONS.......cccceiiii i
6.16] Special ApPPlICAtIONS....ccccviiii i —————————————
Anngx A (informative) Data Sheets ... e
Annex B (informative) List of national or International Standards applicable in context.........
BibHOGTAPNY ...t

ISO 3977-3:2004(E)

© 1SO 2004 - All rights reserved


https://standardsiso.com/api/?name=f78cfbdf29ea320bec298e85db518141

ISO 3977-3:2004(E)

Forewor

d

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
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Ga

s turbines — Procurement —

Part 3:
Design requirements

1
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It is
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This

Scope

part of ISO 3977 covers the design requirements for the procurement of all@pplications of
gas turbine systems, including gas turbines for combined cycle systems)and their auxi
naser from a packager. It also provides assistance and technical. information to be

irement.

not intended to deal with local or national legislative requirements with which the installg
red to conform.

part of ISO 3977 is applicable to simple-cycle, combined-cycle and regenerative-cycle

workling in open systems. It is not applicable to gas turbinés“used to propel aircraft, road cong

earth
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for a
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NOT

2
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NOTE

be us

ISO

moving machines, agricultural and industrial types.of{ractors and road vehicles.

ses of gas turbines using special heat sources (for example, chemical process, nuclear reac
super-charged boiler), this part of ISO 3977 provides a basis.

relevant parts of ISO 3977 are applicable to closed and semi-closed systems.

Additional requirements for spegial.gas turbine applications are described in ISO 3977-5.

Normative references

following referenced ‘\documents are indispensable for the application of this documen
ences, only the .edition cited applies. For undated references, the latest edition of the
ment (includingany amendments) applies.

In cases-where there are no International Standards available, national standards as shown in
ed as guidelines with the mutual agreement of the purchaser and packager.

1940-1:2003, Mechanical vibration — Balance quality requirements for rotors in a constant (1

Part

gas turbines
iaries, by a
used in the

tion may be

jas turbines
truction and

tors, furnace

. For dated
referenced

Annex B may

gid) state —

1&.8pecification and verification of balance tolerances

ISO 3448, Industrial liquid lubricants — ISO viscosity classification

ISO 3977-1:1997, Gas turbines — Procurement — Part 1: General introduction and definitions

ISO 3977-2:1997, Gas turbines — Procurement — Part 2: Standard reference conditions and ratings

ISO 3977-4:2002, Gas turbines — Procurement — Part 4: Fuels and environment

ISO 3977-7:2002, Gas turbines — Procurement — Part 7: Technical information

ISO 3977-8:2002, Gas turbines — Procurement — Part 8: Inspection, testing, installation and commissioning

ISO 3977-9:1999, Gas turbines — Procurement — Part 9: Reliability, availability, maintainability and safety
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ISO 7919-1:1996, Mechanical vibration of non-reciprocating machines — Measurements on rotating shafts
and evaluation criteria — Part 1: General guidelines

ISO 7919-2:2001, Mechanical vibration — Evaluation of machine vibration by measurements on rotating
shafts — Part 2: Land-based steam turbines and generators in excess of 50 MW with normal operating

speeds of 1

500 r/min, 1 800 r/min, 3 000 r/min and 3 600 r/min

ISO 7919-4:1996, Mechanical vibration of non-reciprocating machines — Measurements on rotating shafts
and evaluation criteria — Part 4: Gas turbine sets

ISO 10441:1999, Petroleum and natural gas industries — Flexible couplings for mechanical power

transmissior

ISO 10442:3
air compres:

ISO 10494:1
Engineering

ISO 10814:1

ISO 10816-1
parts — Par

ISO 10816-2
parts — Par
1500 r/min,

ISO 10816-4
parts — Parj

ISO 11086:1
ISO 11042-1
ISO 11042-2
ISO 13691:2
ISO 13709:2
ISO 15649:2
IEC 60034-1

IEC 60079 (

—Special purpose appiications

002, Petroleum, chemical and gas service industries — Packaged, integrally geared centri
ors

993, Gas turbines and gas turbine sets — Measurement of emitted :airborne nois
survey method

996, Mechanical vibration — Susceptibility and sensitivity of machines teytinbalance

11995, Mechanical vibration — Evaluation of machine vibration by measurements on non-rof
1. General guidelines

:2001, Mechanical vibration — Evaluation of machine vibration by measurements on non-rof
2: Land-based steam turbine generator sets in excess 6f60 MW with normal operating spee
800 r/min, 3000 r/min and 3600 r/min

11998, Mechanical vibration — Evaluation of machine vibration by measurements on non-rof
4: Gas turbine driven sets excluding aircraft derivatives

996, Gas turbines — Vocabulary

11996, Gas turbines — Exhaust gasiemission — Part 1: Measurement and evaluation
11996, Gas turbines — Exhaust gas emission — Part 2: Automated emission monitoring
001, Petroleum and natural gas industries — High-speed special-purpose gear units
003, Centrifugal pumps for petroleum, petrochemical and natural gas industries

001, Petroleturrand natural gas industries — Piping

, Rotating électrical machines — Part 1: Rating and performance

fugal

U

ating

ating
ds of

ating

bl parts), Electrical apparatus for explosive gas atmospheres

ASME, Boiler and Pressure Vessel Code Section IX

ASTM A 194, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or High
Temperature Service, or Both

ASTM A 307, Standard Specification for Carbon Steel Bolts and Studs, 60 000 PSI Tensile Strength

NACE MR 0175/ISO 15156, Petroleum and natural gas industries — Materials for use in H,S containing
environments in oil and gas production
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in 1ISO 3977-1, ISO 3977-4, 1ISO 3977-8,
ISO 3977-9 and ISO 11086, and the following apply.

31
aeroderivative
aircraft propulsion gas generator adapted to drive mechanical, electrical or marine propulsion equipment

3.2

anti-icing system
system—toheatup
filters or compressor inlet

or ice on the

33
arealclassification
clasgification of an area according to differing degrees of probability with which concentrations ¢f flammable
gas€s or vapours may arise

3.4
atomizing air
compressed air used to aid formation of finely dispersed spray from liquid,fuel nozzles

3.5
bi-fuel operation
simultaneous operation of the gas turbine on two dissimilar fuels'(not pre-mixed), such as gas and distillate

3.6
back draft damper
arrangement with excentrically pivoted vane(s) designed to close and seat when through flow is rgversed

NOTE Their function is to prevent backflow through a unit on standby in a spared installation. The| dampers are
installed in the fan discharge.

3.7
coalpscing element
arrarrgement of fibrous material with.special properties which accumulates, entraps and drains moisture from
a mdin air stream

3.8
colur[nn mounting
arrangement wherebylabaseplate is mounted at discrete points

3.9
cooling period
perigd in time.immediately following the shutdown of the gas turbine during which precautiong have to be
taken to pretect the unit

EXAMPLE During lubrication and turning.

3.10
critical speed
rotating speed which corresponds to resonant frequencies of the system and of the forcing phenomena

NOTE If the frequency of any harmonic component of a periodic forcing phenomenon is equal to, or approximates

the frequency of any mode of rotor vibration, a condition of resonance may exist. If resonance exists at a finite speed, that
speed is called a critical speed.

3.11
driven unit
components of plant being driven by the gas turbine

EXAMPLES Generator, pump or compressor.

© 1SO 2004 - All rights reserved 3
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3.12
dual fuel system
system which allows the gas turbine to operate on two dissimilar fuels separately

3.13

electrical and mechanical run out

total indicated reading from an inductive gap measuring transducer targeted on the rotor's designated
vibration monitoring track when the rotor is rotating at very low speed (slow roll) in the gas turbine or is turned
on V blocks supported on its bearing surface

NOTE This will include mechanical (eccentricity, ovality or any surface irregularity) and electrical (residual magnetism
and non-uniformity of the electrical properties of the rotor surface material) effects.

3.14
enclosure
housing ovef the gas turbine usually designed for acoustic cooling and/or fire retention purposes

NOTE Itfalso may be used to segregate gas turbine cooling and a hazardous area.

3.15
emergency [shutdown
immediate manually or automatically initiated shutdown of the gas turbine to ‘prevent/minimize hazprds,
danger to pgrsonnel or impending damage

3.16

filter stage
section of a filter system which is designed to remove specific site contaminants at a prescribed efficiency and
pressure drgp

NOTE Alstage may be a specific media, an inertial separator, a\mist eliminator, or a self-cleaning section. Multistage
filters are conjbinations of the various filter stages.

3.17
foreign obj¢ct damage
damage to g gas turbine component from the passage of an object not belonging to the gas turbine

3.18
high-pressure spool
compressor [and turbine rotor assembly of high-pressure stages when driven by a turbine independent gf the
low-pressurg stages

3.19
hot gas path temperatures
temperaturep of the comhUstion gases, anywhere in the hot section of the gas turbine, normally measured at a
point downsfream of the\eembustion system

3.20
inertial mist eliminator
arrangement of)vertical chord-wise curved louvres with entrainment lips on the pressure side trailing pdge
which separates by inertia effect, entraps and drains moisture from a main air stream

3.21
inlet plenum
compartment immediately upstream of the compressor inlet

NOTE This is more commonly applicable to aeroderivative gas turbines which require an undisturbed flow into the
compressor.

3.22

landfill gas operation

operation of the gas turbine on a fuel gas which has been produced by a natural decomposition process of
waste material

4 © ISO 2004 - All rights reserved
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3.23
loading
application of load to the gas turbine via the driven unit, generator, pump or compressor

3.24

low-pressure spool

compressor and turbine rotor assembly of low-pressure stages when driven by a turbine independent of the
high-pressure stages

3.25

lower explosion level
concentration of flammabhle gas-Qrvapour inair_below which the gas afmnelnhnrn is not nylnlnei\ln

3.26
mal-synchronization
conrjection of an alternator to an electrical system when the phase of the alternator voltage dogs not match
that pf the system

3.27
maxjmum continuous speed
(for generator drive applications) speed equal to the specified upper system-frequency

3.28
maxjmum continuous speed
(for nechanical drive applications) speed equal to the 105 % of the highest speed required by any of the
drivgn machine specified operating conditions

3.29
mulfiplane dynamic balancing
balancing by spinning a rotor on bearings and applying corrections at balancing planes along its lgngth

3.30
net Inpecific energy
minimum energy within a fuel of given cofistant constituents without latent heat from condensation of water
resulting from combustion

NOTE 1 Expressed in J/m3 [15 °C«and 101,3 kPa (1,013 25 bar)] or J/kg.

NOTE 2  Net specific energy is"also known as net calorific value or lower heating value.

3.31
off-line compressor washing
procedure for cleaning the compressor by soaking in a cleaning fluid whilst slowly turning the gas furbine

3.32
on-line compressor washing
proceduresfor cleaning the compressor by injecting cleaning fluid into the compressor inlet with the gas turbine
loaded

3.33

operating speed range

range from the minimum to maximum continuous speed defined by the requirements of the application, as
limited by the gas turbine design

3.34

packager

supplier having responsibility for coordinating the technical aspects of the equipment, and all auxiliary systems
included in the scope of the supply

NOTE This includes responsibility for such factors as the power requirements, speed, rotation, general arrangement,

couplings, dynamics, noise, lubrication, sealing system, material test reports, instrumentation, piping and testing of
components.

© 1SO 2004 - All rights reserved 5
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3.35

potential maximum power

expected power capability when the gas turbine is operated at maximum allowable firing temperature, rated
speed, or other limiting conditions as defined by the manufacturer and within the range of specified site values

3.36

process controller

control of a process variable, such as driven unit pump suction pressure, via the control of the gas turbine
speed

3.37

quill shafts

shaft of redyced section designed to be torsionally and laterally flexible

NOTE Itjmay also be designed to fail when the drive torque exceeds a predetermined value.
3.38

reset

action, usudlly manual, to allow the control system to prepare for a further start attempt following a|fault
shutdown orfunsuccessful start condition

3.39
residual magnetism
magnetism inducted into a magnetic material by exposure to magnetic fields-during manufacture or servicg

3.40
ribbon cablg wiring
multiple congluctors arranged in parallel, insulated from each other'in a flat form

3.41

rotor blade
blade fitted fto the rotor (sometimes referred to as, a-bucket) as opposed to the blades fitted to the dtator
(referred to g@s blades, stator blades or nozzles)

3.42
rotor dynamics
analysis of the motion of a rotor-bearing.support system with respect to lateral and torsional perturbations

3.43

safe area
area in which explosive atmospheres are expected to be present in low quantities so that special precautions
for the ignitign sources aré’not necessary

3.44

self-sustaining speed

minimum s;Leed of rotation of the gas turbine's rotor under normal operation in which no external ppwer
supplied by a starting device is required to maintain steady-state operation

3.45

service life

duration that a component will fulfil its function under operating conditions

3.46

shear type coupling

shear pin

coupling which drives through a bolt(s) in shear which has (have) a reduced cross section, in line with the
coupling flange to flange interface, which is designed to fail when the drive torque exceeds a predetermined
value

6 © ISO 2004 - All rights reserved
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3.47
shutdown, automatic
stopping of the gas turbine which is fully executed by the control system from a single operator action

NOTE This type of stopping normally will not lock out further start attempts, and will not require reset action.

3.48
shutdown, manual
stopping of the gas turbine which is manually initiated or controlled at each step

NOTE This type of stopping normally will not lock out further start attempts, and will not require reset action.

3.49
shutdown, semi-automatic
shutdlown of the gas turbine which is in part manually initiated or controlled

NOTE This type of shutdown normally will not lock out further start attempts, and will not require reset aftion.

3.50
starfing
action of starting the gas turbine, through all parts of the package start cycle

3.51
stranded conductors
cabl¢ having a multiplicity of wires making up the core conductor

3.52
un-interruptible power supply
power supply that is maintained for a stated period underimain grid failure conditions

3.53
Wobhbe index
wi
heating value of the fuel divided by the square root of the specific gravity (relative to air)

[1S0|3977-4]

NOTE 1 The heat input from thesgas fuel through the governor fuel valve under defined conditigns is directly
propgrtional to the Wobbe index.

NOTE 2  Alternative definitions for Wobbe index exist and the way of defining the Wobbe index for gases should be
agreg¢d upon between the purchaser and packager.

3.54
Zong |I/Div |
arealin which.an'‘explosive atmosphere is likely to occur in normal operation

3.55
Zong¢ H/Div I
area ‘-n "9!,— DSD __ a ~_ AWNAIa/adN i a =t ,V_—, &l S ifi Mo S,ItWI||OI'\|y

exist for a short time

4 Basic requirements

4.1 General

This clause covers the basic requirements for the procurement of gas turbines and gas turbine systems for all
applications, including combined-cycle systems, and their auxiliaries by a purchaser from a packager.
Additional requirements for special gas turbine applications are described in ISO 3799-5. It provides
assistance and technical information to be used in the procurement.

© 1SO 2004 - All rights reserved 7
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4.2 Site-specific conditions

4.21

Site conditions

The purchaser shall furnish accurate site condition data to the packager on data sheets such as those shown
in Annex A. The purchaser shall specify whether the package is intended for indoor or outdoor installation.

4.2.2 Site operating point

The purchaser shall specify the site-specific operating point(s) on the data sheets (similar to those included in

Annex A, T

le A ’I) IUnless otherwise epnr\ifind, the gas turbine shall he dncignnd to prn\lidn site rated p

wer

with no nega

4.2.3 Preli

Many factor
assembly at
packager sh

4.3 Operational requirements

4.3.1 Ope
The packag
acceptance

The gas turi
components
peak load o
machines sh

When a uni
higher powe

The purchas
required utili

4.3.2 Tem

Within the packager's allowable temperature range, the following requirements shall be satisfied.

Equipment
instantaneod

minary design review

tive tolerance, at the heat rate tolerance quoted.

5 (such as piping and ducting loads, alignment at operating conditions, supporting structure
the site) can adversely affect site performance. To minimize the influence,of these factors
pll review and comment on the purchaser's piping, ducting and foundation-drawings.

ational criteria

e shall operate on the test stand and/or on its permanent foundation within the spe
Criteria.

bine package shall be mechanically designed for\continuous service at design power outpy
of the package shall be designed for service (@t potential maximum power corresponding t
[ low ambient temperature characteristics; i.et components such as couplings, gears and d
all not impose a mechanical limit on the 6utput from the unit.

I levels or with shorter life expectancy.

er shall specify the available) utility supplies on the data sheets. The packager shall provid
by requirements on the dataisheets (see Annex A, Table A.1).

perature and speed limits

shall berun without damage or need for inspection at the overspeed resulting from
s loss;of maximum potential load with the speed control system fully functional.

and
, the

cified

t. All
b the
riven

operates intermittently at a rating higher than peak rating, it may have components rat¢d at

b the

the

Equipment

hall’ not fail at the overspeed resulting from the following:

a)

b) instanta

neous loss of load resulting from failure of the main drive coupling (e.g. shear pin coupling).

instantaneous loss of maximum potential load with the fuel control valve failed in the full open position;

The packager shall advise the purchaser of any inspection that would be required if such overspeed
conditions occur.

Attention is drawn to the necessity of also ensuring that all coupled equipment (including auxiliaries, etc.,
electrically, mechanically or hydraulically coupled) will withstand the corresponding overspeed.
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4.3.3 Starting requirements
The purchaser shall define any operating requirements which impact the start cycle sequence or duration.
The package design shall permit immediate restarting from any condition (i.e. hot starts or cold starts). Any

restrictions shall be defined in the proposal. Any turning device necessary to meet this requirement shall be
provided by the manufacturer (see 6.2).

4.3.4 Transient requirements

Operational stability under transient load conditions shall meet the requirements as specified by the purchaser.
Thege requirements should be clearly defined by a relationship of load, speed and time parameteis.

4.3.8 Control requirements

The package control system designed by the packager shall provide for sequenced,’startup, stabje operation,
warrling of abnormal conditions, monitoring of operation, and shutdowns of the\package in the event of
impgnding damage to the unit (see Clause 6).

4.3.§ Instrumentation and communication

The purchaser shall specify requirements for instrumentation, data-acquisition, data transmissionf and system
interface with the total facility (see Clause 6).

4.3.1 Fuels

The |fuel system shall be operable with the normal fuel or any alternative or starting fuel |specified in
ISO B977-4. The packager shall advise the purchaser of the effects of the fuel(s) on gas turbjne package
operption and equipment life.

4.3.§ Exhaust emissions

The exhaust emissions from gas turbines (mainly NO,, CO, UHC, SO,, smoke and particulates)|depend to a
largg extent on the fuels used and the ‘operating conditions of the gas turbine. Therefore the conditions for the
spegified exhaust emission limitsto-be met shall be agreed between the purchaser and packager.

If not otherwise specified, thelimit values required by national legislation valid in the country where the gas
turbipe operates shall be-met. Where no national legislation exists, the limit values shall be agr¢ed between
the gurchaser and packager.

In all cases, thelexhaust emission measurement shall be carried out according to ISO 11042-1 and
ISO [11042-2.<The exhaust emissions control technique shall be specified by the purchaser (sge 4.6.2 and
5.2.4.5).

4.3.9 “Noise emissions

If sound control is specified, the requirements of ISO 3977-4 shall apply. Any special near field or far field or
neighbourhood sound restrictions that are applicable shall be specified by the purchaser in the data sheets.

The permitted near-field, far-field and inside-buildings noise levels shall be provided by the purchaser.

The noise emission measurement of the gas turbine and gas turbine package shall be carried out according to
ISO 10494.

© 1SO 2004 - All rights reserved 9
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4.4 Service requirements

4.4.1 Design life

Unless otherwise specified, the gas turbine packages covered by this part of ISO 3799 shall be designed and
constructed by the packager for the following minimum design criteria (corresponding to class D, range 1V,
defined in ISO 3977-2:1997):

— adesign life of 20 years or 100 000 operating hours, whichever occurs first;

— ahot gas path inspection interval of 8 000 h;

— atime Hetween major overhauls of 24 000 h.

Shorter inspgction and major overhaul intervals may result from
— operatign with fuels other than natural gas,

— applicatjons with water or steam injection,

— operatirlg regimes other than class D, range IV, or

— special fesigns.

It is the p3ckager's responsibility to identify in his proposal any.:special equipment and maintenpnce
procedures mecessary to achieve the aforesaid life and service intervals.

4.4.2 Responsibility for the unit

The packager shall be responsible for the gas turbine ‘package performance and mechanical integrity,
provided the package is operated and maintained as per the packager's instructions.

4.4.3 Inspgction schedule

Recommended inspections, normal maintenance and major overhaul intervals shall be stated in the
packager's groposal.

All equipment shall be suitable for\periods out of operation up to a minimum of 4 weeks, under specifieq site
conditions, without requiring any.special maintenance procedures.

4.4.4 Inspection and maintenance access

The package shall_be”designed for ease in servicing and to provide adequate clearances necessary to
perform all mainténance to be done between hot gas path inspection. Special tools and procedures shall be
stated in the|packager's proposal.

Provision shall be made for the complete inspection of all rotating gas path and combustion system
components, using borescopes or other devices, without major disassembly of the gas turbine. The packager
shall provide details of the procedures and any special equipment to be used.

4.4.5 Power train maintainability

All major equipment shall be designed to permit rapid and economical maintenance. Parts such as casing
components and bearing housings shall be designed (shouldered or cylindrically doweled) and manufactured
to ensure accurate alignment during reassembly. Stationary vanes, nozzles, seals, bearings, diaphragms,
modules and the rotating elements shall preferably be replaceable at site. If required, the packager's proposal
shall describe the special tooling needed for the above purposes. If the equipment designs do not permit such
replacement, the packager shall state in his proposal the procedures required for carrying out such repairs.
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Rotating equipment requirements

Coupling

Couplings shall be sized for maximum continuous torque, based on the potential maximum power capability
that can be delivered.

For power generation service, the generator load coupling shall be sized to withstand the worst case of
generator fault conditions unless a shear-type coupling is provided.

The couplings shall be dynamically balanced on an individual component basis and then assembled into a

The
pum
lubri

Auxi

specified, the main load couplings shall conform to ISO 10441. The\ceupling make, type a
gements shall be agreed by the purchaser and packager. A spacer-type coupling shall
5s otherwise specified.

Auxiliary gears

has turbine driver may utilize auxiliary gears for starting;and turning functions, lubrication pum
Ds, and bearing sump scavenging pumps. Main load gears may utilize auxiliary gearing for m
cation pump drives and starting and turning functions.

power transmitted.

4.5.3

Unle
purc

The
turbi
the (d

The
and

4.5.4

4541

Load gears

5s otherwise specified, the load gear design, testing and application shall comply with ISO 13
haser's specifications. Peftinent gear loading data shall be designated by the purchaser.

minimum power ratings/of load gears shall be at least equal to the maximum power outpy
ne per the purchaser's’stated ambient temperature range. If this results in an excessively largs
ackager and purehaser may mutually agree on an actual gear rating or power limiting control g

minimum load shall also be considered in the design of the load gear, taking into account cn
pbearing stability. The purchaser shall specify the minimum load.

Driven equipment

nitting power

ing the main
nhum and the

nd mounting
be provided

p, liquid fuel
ain load train

iary gears shall comply with an agreed standard, and shall be rated for at least 110 % of the maximum

691 and the

t of the gas
b gear rating,
evice.

tical speeds

General

Typically the gas turbine driven equipment will comprise

a)
b)
c)

d)

axial compressors,
centrifugal compressors,
centrifugal pumps,

a.c. power generators,

or combinations thereof.

© 1SO 2004 - All rights reserved
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4.54.2 Centrifugal and axial compressors

Unless otherwise specified, centrifugal compressor design, testing and installation shall be in accordance with
ISO 10442 and the purchaser's specifications. For axial compressors, ISO 10442 may be used as a guideline.

Compressor equipment may include seal oil or seal gas arrangements. Where seal oil systems are utilized, a
combined seal oil/lubrication oil system shall be utilized only with purchaser's approval. If separate systems
are specified, the means of preventing interchange of oil between the two systems shall be described in the
packager's proposal.

Compressor performance requirements, including gas flow rates, operating pressure, temperature ranges and
gas composijtion, shattbe provided by purchaser-

4.54.3 Cepntrifugal pumps

Unless otherwise specified, centrifugal pump design, testing and installation shall be in“accordance| with
ISO 13709 gdnd the purchaser's specifications.

Centrifugal pump performance requirements with regard to flow rates, operating préssures and tempergature
ranges, and [liquid fluid properties shall be provided by purchaser.

4.5.4.4 Rpciprocating compressors

Gas turbine|driven reciprocating compressor packages are not addressed by this part of ISO 37899 The
purchaser and packager shall mutually agree upon the unique design issues of torsional vibration and specific
packaging pfovisions associated with reciprocating compressors.

4545 Generators

Generators ghall be designed according to the purchaser's requirements and specifications and meejt the
requirements of IEC 60034-1.

The generatpr rating, as well as the electrical hardware and instrumentation to be provided by the packgager,
shall be spegified by the purchaser.

The packager shall provide equipment as’indicated on data sheets such as given in Annex A, Table A.6{ The
purchaser and the packager shall agree’on the scope of the supply and location of the required equipment.

When speciffied, inspection and‘testing shall be in accordance with ISO 3977-8.

The package design shallbe capable of withstanding short-circuit conditions, or malsynchronisation, without
permanent damage to-the machinery train. Where these requirements cannot be satisfied without the uge of
torque limiting devices/(i.e. shear pins, quill shafts, etc.), then this fact shall be adequately outlined in the
packager's groposal.

4.5.5 Mechanical-drives{variable-speed-application)

The output shaft operating speed range of gas turbine units for mechanical drive applications shall be suitable
for meeting all the operating conditions specified by the purchaser on the data sheets. Where only one
operating condition is specified for an application, the speed range for single-shaft machines is typically a
maximum of 25 % (from 80 % to 105 % of the rated speed) and the speed range for two or more shaft
machines is typically a maximum of 55 % (from 50 % to 105 % of the rated speed). The actual speed range
shall be mutually agreed between the purchaser and packager. The gas turbine shall have satisfactory
mechanical performance at all operating conditions specified on the data sheets and within the range among
those conditions. The unit shall be capable of operation, without damage, to the trip speed setting at all
operating conditions.
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The startup and shutdown procedures can only be initiated when certain predefined safety criteria associated
with the process plant, which have to be agreed between the purchaser and packager, are met. This also
implies that the plant control valves will be activated in a predefined sequence. Mechanical constraints and

process limitations shall be considered in establishing these procedures (see 6.2).

4.6

4.6.1

Other equipment requirements

Compartment enclosure(s)

When specmed swtable enclosure(s) shall be prowded to meet the purchasers acoustical, weatherproofing

an meet the

4.6.4 Steam or water injection

Wheh specified, the gas turbine shall be designed to permit steam or water injection for either increasing the
power capability of the unit or for emission control. The packager shall spegcify the required| quality and
quarftity of the injection fluid (see 5.2.8.5).

4.6.3 Oil reservoirs and housings

Oil feservoirs and housings that enclose moving lubricated patts,(such as bearings, shaft geals, highly
polished parts, instruments and control elements) shall be designed to minimize contamination py moisture,
dustjand other foreign matter during periods of operation and idleness.

4.6.4

Motd
of th
resp
IEC

NOT
anin

4.6.9

Motor and electrical

rs, electrical components, and electrical installations within hazardous zones shall meet the 1
e relevant parts of IEC 60079. Area classifieation shall be carried out by the supplier, or
bct of all potential sources of release thatare likely to create an explosive atmosphere in acc
50079-10.

stallation is safe when shut down and that unprotected electrical equipment may be used at such times.

Special tools and dynamics

Whe]
pac

the gackage. For multiple unit installations, the requirements for quantities of special tools and fixt
mutdally agreedupon by the purchaser and packager. These or similar special tools shall be
shop assembly and post-test disassembly of the equipment.

Wh
"Sp

h special tools and“fixtures are required by the purchaser to disassemble, assemble or
ge, they shall béZincluded in the quotation and, when specified, furnished as part of the ini

equirements
packager, in
brdance with

If effective and reliable isolation-ef flammable substances is provided, it may be possible to demonstrate that

maintain the
ial supply of
Lires shall be
used during

and marked

special tools are provided, they shall be packaged in separate permanent tool boxes

iabtools for (tag/item number)". Each tool shall be stamped or metal tagged to indicate its intended use.

4.6.6 Drylow emissions combustion

When specified by the purchaser, the gas turbine shall be equipped with dry low emissions combustion (DLE)
to control NO, and CO emissions. On request, the packager shall demonstrate to the purchaser that the
likelihood of a damaging thermal acoustic and flashback phenomena occurring from the combustion system is
acceptably improbable.

4.6.7 Exhaust catalytic converters

When specified by the purchaser, the gas turbine shall be equipped with an exhaust catalytic converter to
meet more stringent emissions legislation.
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4.7 Vibrations and dynamics

4.71

General

This section is concerned with the rotordynamics of the gas turbine as well as with the associated driven

equipment.

Vibrations affect availability and safety, and can cause damage to equipment. Vibrations are generally the
response of systems to excitations. The best known excitation of turbomachinery is unbalance, causing lateral
vibrations. The rotor speed at resonance condition is also called the critical speed. Lateral vibrations can be
measured and are used for monitoring and protection. Balancing reduces the unbalance excitation and is

applied duri
engine desi

The packag

singular com

Rotating ma

foundations

design stage

The packag
torsion and
operating s
undesirable

and preferal

Generally th
shaft critical

the startup and operating speed range, and any extefnal exciting forces, as defined by the purchaser,
provide speq

ample frequ

analysis sha

4.7.2 Late

4721 G

An analysis

of its kind, d

been modifi

separately fq

Lateral vibr

vibration pidk-ups for a rotor train depend on the type of machine support. Therefore the relative

$

addressed in

g assembly and maintenance. The sensitivity to unbalance excitation shall be addressed. i
n. Torsional excitations cause torsional vibrations. This is more difficult to measure. If sh3
the design phase of a shaft train because torsional vibration modes have generally low-dam

br shall ensure that each component meets the rotordynamic design requirements ‘as an isol
ponent in accordance with the applicable component standards.

chinery can encounter very high vibrations when components are coupled by their shaftg
even though they operate satisfactorily while uncoupled. A system analysis of the shaft train i
permits corrective actions against vibration problems during operation.

pr shall ensure that the resonance frequencies of the complete)power train (rotor lateral, sy
blading modes) are in the acceptable ranges. The combination shall be suitable for the spe
peed range, including any starting speed hold-point, requirements of the train. A list ¢

ly should be programmed into the control system in.order to avoid the undesired speed range

e packager is responsible for the lateral and.torsional vibration analysis of the entire systen
speeds, pertinent modes of exciting frequencies of the driver and driven equipment throug

ified separation margins to prevent exgcitation of one by another. All these modes shall provid
bncy ranges within which the supporting foundation's natural frequencies can be designed.
| be performed before the package.installation design.

ral vibrations (critical speéeds)

leneral

of the lateral vibration characteristics of the system is recommended if the gas turbine is the
r if its load eoupling is modified, or if rigid couplings are employed, or if a bearing suppor
pd. Flexible\¢ouplings or slender intermediate shafts allow the lateral analysis to be carrie
r the individual components.

tiohs, 'shall be measured and monitored during operation. The required type and numb

n the
Il be
Ding.

ated,

and
n the

stem
cified
f all

speeds shall be submitted to the purchaser. This alsg shall be included in the technical manual

bS.

n. All
hout
shall
e for
This

first
has
d out

er of

shaft

vibration measurement or the bearing vibration measurement can be selected according to specific machine

structural ch

a) Stiff su

aracteristics, as follows.

pport

If the dynamic support stiffness is significantly higher than the dynamic stiffness of the oil film, the relative
shaft vibration measurement is more sensitive and shall be applied for machine protection purposes.

b)

Flexible support

If the dynamic support stiffness is significantly lower than the dynamic stiffness of the oil film, the bearing
vibration measurement is more sensitive and shall be applied for machine protection purposes.

14
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In the case of uncertainty between these two options, the measured sensitivities of both measurements on the
machine at transient and steady-state operation may be used to make a decision.

ISO 10814 establishes methods to assess the modal sensitivity of machines to unbalance and these methods
shall mainly be applied in the design analysis phase. Gas turbines are referred as Type Il machines in
ISO 10814, which also gives the required frequency separation margin for vibration response peaks (also
referred to as “critical speed”, “mode” or “resonance”). It applies to lateral vibrations based on unbalance
response calculations or on measurements from the same or a similar machine. A high modal sensitivity
according to this method (designated with range D or E) is a warning, indicating that at least one of the
following actions is recommended:

| N o HH £ 4l HH 1 ol
IIIIl.IIIy CItiIcT uUurc UI\L;ILIIIH ||cu|ucnuy vl uare oriiaoedal OPUUU,
ncreasing the damping;

berforming a stress response analysis demonstrating that the resonance in question has| no adverse

ffect on any part of the shaft train.

NOT
Roto
desid

E 1 Aeroderivative type combustion gas turbines generally use antifriction " ball and roller ty
dynamic response functions and associated amplitude factors will be different from those of hydrody
n gas turbines.

pe bearings.
hamic bearing

NOTE 2 In shaft trains with gears, the interaction of close torsional and-lateral critical speeds car
devigtions of the eigenfrequencies calculated with uncoupled models.

cause slight

4.7.3.2 Measurements

4.7.3.21 General
bl define the

br alarm and

Vibration measurements may be taken either on retating or stationary elements. The packager sh
typeland location of vibration measurements mostsuitable for the equipment. Levels of vibration fi

A

for

[«

utomatic protective interventions shall be indicated by the packager and programmed i

syst

Duri
(meg
shall
the §

Beyq

1

m.

g a factory test or commissioning of the assembled gas generator/gas turbine the vi
sured at the manufacturer's standard sensor locations, shaft or casing vibration) shall be
not exceed two thirds (2/3)-efithe manufacturer's alarm set point value at any steady-state
pecified operating speedange. This limit may be based on filtered or unfiltered data.

nd the requirements of-the International Standards cited in 4.7.2.2.2 t0 4.7.2.2.4, it is recom

the control

bration level
measured. It
speed within

mended that

at arn
vibrg

y speed outside the specified operating speed range, up to and including the trip speed of {he rotor, the
tion level shall notexceed 200 % of the maximum value allowed at the maximum continuous [speed.
NOTE The.design details, including mass and stiffness distribution as well as accessibility of the parts,

E determine the
most|significant\locations for vibration measurement.

4.7.2.2:2" Relative shaft displacement vibrations

The requirements of ISO 7919-1, ISO 7919-2 and ISO 7919-4 apply. ISO 7919-1 provides general guidelines
for shaft displacement vibrations in power trains. ISO 7919-2 applies to steam turbines and large generators.
If not otherwise agreed, the assessment of vibration levels of gas turbine driven generators shall be based on
ISO 7919-2.

ISO 7919-4 gives applicable measurements and evaluation criteria for relative shaft vibrations for gas turbines
(except small or aero-derivative gas turbines). If not otherwise agreed, the assessment of vibration levels of
gas turbines shall be based on ISO 7919-4. However, ISO 7919-4 does not cover all types of gas turbines. In
these cases mutual agreement shall be sought between the purchaser and packager.

Beyond the requirements of the relevant part of ISO 7919, the following is recommended. Electrical and
mechanical runout shall be determined and recorded by rolling the rotor in bearing shells, V blocks, or in
another appropriate setup while measuring runout with a non-contacting vibration probe and a dial indicator at
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the same shaft location. Electrical and mechanical runout, for the full 360° at each probe location, shall be
included in the mechanical test records. The packager shall demonstrate that electrical and mechanical runout

is in accordance to the relative parts of ISO 7919.

NOTE 1
measured vib

NOTE 2

ration values.

deviation of the rotor or residual magnetism.

In order to derive the effective vibration amplitudes, this runout can be vectorially subtracted from the

If the runout requirement according to ISO 7919-1 cannot be kept, the cause may be a mechanical shape

4.7.2.2.3 Bearing housing vibrations

The requirements of ISO 10816-1, ISO 10816-2 and ISO 10816-4 shall apply. ISO 10816-1 establishes a
basis for thg evaluation of mechanical vibration of machines by measuring the vibration responsecef.support
structures. This is also called "seismic measurement".

ISO 10816-2 shall be the basis for the assessment of vibration levels of gas turbine-driven‘generators, [f not
otherwise agreed.

ISO 10816-4 applies to bearing housing vibration measurements on gas turbines. If Hot otherwise agreed, the
assessment|of vibration levels of gas turbines shall be based on ISO 10816-4.

In any case| where the above International Standards do not cover the shaft-train in question complétely,
mutual agregment shall be sought between the purchaser and packager.

On gas turljines where case-mounted (seismic) vibration systems are used, or which are not covergd by
ISO 10816-4, the manufacturer shall provide the purchaser with the‘aeceptable vibration limits, taking acg¢ount
of the following:

a) locationp and types of transducers;

b) filtration)and signal conditioning;

c) operatirlg conditions;

d) quoted [imits;

e) shop/fied experience factors from previous/similar units.

4.7.2.2.4 Absolute shaft displacement vibrations

The ISO 7919 series treats absolute shaft displacement vibrations too. These may be measured by vectorial
summing of [relative vibration with the seismic probe, but this is normally not used. If it is installed, it is mainly
applied for [diagnosis. Installation of such measurements may be done if mutually agreed between the
purchaser and packager.

4.7.2.3 Brlancing

Balancing the finally assembled rotors reduces the unbalance excitation. The main machine rotors shall be
multi-plane dynamically balanced in the machine or in a special spin pit. In the case of several machines
combined into one train, an extra balancing after the addition of no more than two major components is
recommended. Balancing correction masses shall only be applied to the components added. Minor correction
of other components may be required during the final trim balancing of the completely assembled equipment.
On rotors with single keyways, the keyway shall be filled with a fully crowned half-key.

ISO 1940-1 indicates the allowable balance quality grade for gas turbines as G 2.5. A better balance quality
requirement than this applies only if mutually agreed between the purchaser and packager.

If mutually agreed between the purchaser and packager, the methods and criteria given in ISO 11342 may be
used.
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In the case of a stacked rotor assembly where the rotor is progressively assembled and cannot be removed
as a unit, the manufacturer shall develop a standard procedure to achieve the above balance quality grade.

When spare rotors are supplied, they shall be dynamically balanced to the same tolerances as the new rotor.

Final residual unbalance levels (in gram millimetres) shall be recorded with the rotational speed of balance
and unbalance phase angle locations for each rotor assembly.

4.7.3

Torsional vibrations

The packager shall carry out an analysis of the torsional vibration characteristics of the complete system. A

minirarmseparation mrargitof —t0-% s Tecommendedbetweenmeachtorsiomat—eigenfrequer

posS
perfg
circu
safe

NOT

NOT
apply

5.1

5.1.1

The
pack
max

ible torsional excitation frequency. If this cannot be fulfilled, a torsional response caleulati
rmed. For all generator drives, a response calculation for excitation by mal-synchronization 3
it shall be done. The torsional response calculations shall demonstrate that all stress-respong
limits.

E 1 Torsional excitation sources can include, but are not limited to, the following:

frequencies; if electronic frequency converters are used, other integer multiples of the speed can e
modes too;

pear unbalance or pitch line runout;

hydraulic governor control-loop resonance.

F 2 For generator disturbance response calculations, no widely accepted standard is available. The
an appropriate internal standard.

Packaging and auxiliary equipment
Basic design

Basic scope of supply

packager shall provide, as” a*minimum, the equipment listed below (referred to herein as
aged to meet the specified operating conditions. This equipment shall be assembled (pack
Imum extent practical. Exceptions should be mutually agreed between the packager and the g

pbaseplate(s);
combustion gasturbine or gas generator;
controls.and instrumentation;

Couplings and guards;

cy and any
ion shall be
nd by short-
es remain in

or trains with generators or electric motors, one and two times the rotation speed Should be considereq as excitation

kcite torsional

packager may

a package)
aged) to the
urchaser:

e) exhaust collector and/or diffuser;

f)  fuel system(s);

g) lube oil system(s);

h) power turbine (if separate from gas generator);

i) starting system;

j)  gas turbine washing or cleaning system;

k) vibration monitoring system;

© 1SO 2004 - All rights reserved

17


https://standardsiso.com/api/?name=f78cfbdf29ea320bec298e85db518141

ISO 3977-3:2004(E)

I)  control panel;

m) inlet ducting;

n) inlet filtration system;

o) inlet silencer;

p) combus

tion system;

gq) protection systems.

Itis recognizled that for some package designs some of the above-listed items will be shipped separately.

51.2 Opti

Any other ¢
scope of suf

a) combus
b) driven g
c) enclosu
d) exhaust
e) fuel con
f) inlet eva

bnal equipment

Huipment required shall be specified by the purchaser and shall be includediin'the packa
ply. Such equipment may include:

tion emission control system;

quipment in accordance with applicable specifications;
re(s) for acoustical, weather, and/or fire protection;
system (including expansion joints, silencers, structures);
ditioning;

porative air cooler or absorption chiller cooler'eombination;

g) inlet anfj-icing system;

h) lifting eq
i) lifting ec
j)  motorc
k) recuper
I) starting

m) Steam g

uipment for maintenance;

uipment for shipping and handling;

bntrol center;

htor or regenerator.for gas turbine performance enhancement;
system auxiliafies;

r water-injection fluid conditioning system;

ger's

n) Gas tur

bine, load train condition monitoring equipment;

0) Uninterrupted power supply for controls, instrumentation, and operation;

p) Waste heat recovery systems and associated dampers;

q) Foundation anchor bolt;

r) barring equipment.

This equipment shall also be assembled (packaged) to the maximum extent practical.

The arrangement of the package, including piping, coolers, pumps and controls shall provide adequate
clearance areas and safe access for operation and maintenance.

18
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5.1.3 Materials of package construction

5.1.31 General

Materials used of package construction shall be the manufacturer's standard for the specific site operating and
environmental conditions. Specific attention shall be given to the choice of materials and protective coating
systems to prevent

a)
b)
c)
d)

Matd
inter

Mate
Stru

Mino
resis

5.1.3

Non-
they

51.4
Welg

perfd
and

Welqg
in An

Welqg
with

The

corrosion,

stress corrosion cracking,

palvanic corrosion, and
brittle fracture.

rials for sour (acid) gas service shall comply with the recommendations of NACE MR-0175
national or national standards as shown in Annex B.

rials shall be identified in the proposal.

ture steel and piping shall be identified in the proposal.

tance at least equal to that of specified parts in the same environment.

2 Non-metallic materials

come into contact during normal operation or maintenance functions.

Welding

ing of pressure-containing parts, as well as any dissimilar-metal welds and weld repa
rmed and inspected by opefators and procedures qualified in accordance with Section VII

or adequate

r parts that are not identified (such as nuts, springs, washers, gaskets and keys) shall haje corrosion

metallic materials, such as elastomers, shall:be’ compatible with the process or motive fluids with which

rs, shall be
, Division 1,

Section IX of the ASME Boiler and Pressure Vessel Code, or relevant international or national standards
given in Annex B.

ing of piping shall-be“in accordance with ISO 15649, or relevant international or national sta
nex B.

AWS D11 or relevant international or national standards given in Annex B.

packager shall be responsible for the review of all repairs and repair welds to ensure t

prop

:rly heat treated and nnn-dnefrllr\’ri\/nly examined for soundness and anplinm‘n with th

ndards given

ing on basgplates, non-pressure ducting, lagging and control panels, shall be performed in| accordance

hat they are
applicable

quali

fied procedure.

Repair welds shall be non-destructively tested by the same method used to detect the original flaw.

5.1.5 Flange connections

The packager shall provide details of all the purchaser's connections to the package and shall state the
acceptable forces and moments that these connections will tolerate. The acceptable loading for connections
to connected equipment, such as compressors, pumps or steam turbines, shall not be less than that specified
in the relevant standards for these items.
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5.1.6 Bolting

The quality of bolting for pressure joints including piping shall be determined from the actual bolting
temperature as defined by ISO 15649, or relevant international or national standards given in Annex B.

Nuts shall conform to ASTM A 194, Grade 2 or 2H, for A 194 bolting, and ASTM A 307, Grade B case-
hardened for A 307 bolting, or relevant international or national standards given in Annex B.

5.1.7 Nameplates

A nameplate shall be of corrosion-resistant material and securely attached at a readily accessible point on the
package and on other major pieces of equipment within the package.

The nameplate shall, as a minimum, include the purchaser's item number, the vendor's name, the ‘macHine's
serial numbgr, and the machine size and type. Additional information may include the minimumrand maximum
allowable design limits and rating data (including pressures, temperatures, speeds and power), maximum
allowable working pressures and temperatures, hydrostatic test pressures and critical speeds. Sl units |shall
be used.

Rotation arrpws shall be of corrosion-resistant material and cast in or attached.t® each major item of the
rotating equipment.

5.2 Auxiljary equipment

5.21 Starfing systems

The packager shall furnish the type of starter system specified*by the purchaser. Typical starters are elgctric
motors, gag expansion turbines, steam turbines, hydrauli¢:;*motors, internal combustion engines, aif/gas
motors, small gas turbines and generators in the motor mode. All starter units shall be suitable for satisfactory
operation with the specified electrical power characteristics, inlet and exhaust steam pressure| and
temperature| air/gas or fuel.

If the plant is designed for contracted black stant* capability, it should contain its own power source for ptart:
batteries, digsel or alternatives.

Starting units and associated power transmission equipment shall be suitable for the acceleration of the gas
turbine unit/driven load equipment.train, and for extended operation during purge and compressor cleaning
cycles. The| packager shall determine the ratings, which shall be at least 110 % of the starting| and
acceleration| torque required by.the gas turbine (and the driven equipment train for single-shaft machjnes)
from standsfill to self-sustaining speed throughout the specified ambient temperature range. Ultilities required
for the starting system shall-be defined by the packager in his proposal.

For single-siaft gas ‘turbines, anticipated process variations which can affect the sizing of the starter (su¢h as
changes in pressure; temperature or properties of the fluid handled, and special plant start-up conditions)|shall
be specified| by the purchaser. For single-shaft gas turblnes for mechanlcal dnve appllcatlons the pack ager

W 3 . rque
superimposed. Gas expanslon starters usmg fIammabIe gas as motlve power shaII be de3|gned for zero
leakage from the seals to the immediate surroundings. Any starting driver shall disengage automatically and
shut down before reaching its maximum allowable speed. The starters normally are disengaged at turbine
governing speed and idle, or are at rest during operation. Failure of the starting driver to disengage shall
automatically abort the starting sequence (see Clause 6).

Electrical drive starting systems shall be capable of starting the gas turbine when the supply voltage has fallen
to the minimum level mutually agreed between the packager and purchaser.
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5.2.2 Mounting systems

5.2.21

General

The package support base shall be of structural steel design and shall be of sufficient strength for shipment
and installation, and to transmit equipment-generated forces and couples to the purchaser's foundation. The
purchaser shall specify the type of foundation on the data sheets.

5.2.2.2

Whe,

Anchoring systems

a baseplate is installed directly on a concrete foundation accessibility shall be provided

for grouting

unde

Mou
mac

The
faste

5.2.2

A b3
agre

Whe]
cove
and

Whe]
Spec
muty

The
joints
com
mac
upor

Whe]
the 4

Base
mea

Basq

nting surfaces that are not to be grouted shall be coated with a rust preventive] immsg
nining.

r all load-carrying structural members. Single-level foundation for the baseplate shall be used.

packager shall specify the size, number and location of anchor bolts required_for the specifig
ning the package to the foundation.

.3  Baseplate design
seplate shall preferably be a single fabricated steel unit, unles§ the purchaser and packa
b that it may be fabricated in multiple sections.

h specified, the baseplate shall be provided with levelling pads or targets protected wit
rs. The pads or targets shall be accessible for field levelling after installation, with the equipm)
he baseplate on the foundation.

h specified, the baseplate shall be suitable fornéolumn mounting, with sufficient rigidity to be
ified points, without continuous grouting~under structural members. The baseplate des
ally agreed upon by the purchaser and paekager.

baseplate shall be provided with attachment points for at least a four-point lift. If lifting lugs ar|
shall be full-penetration, full-length continuous welds, and non-destructively tested. Lifting t
plete with mounted equipmentishall not permanently distort or otherwise damage the basg
ninery mounted on it. The ‘purchaser and packager shall mutually agree on lifting arranger
available facilities at the ‘purchaser's site or other limiting factors.

h specified, non-sKid-decking or grating covering all walk and work areas shall be provided
aseplate. All deckplates shall be positively attached to each crossing structural member.

plate shall. bée-furnished with vertical jackscrews, where practical, adjacent to each anchor bo
ns shall be.provided to raise the baseplate readily to facilitate alignment in situ.

plate(s) shall be provided with drip containment and low point drains.

diately after

d method of

ger mutually

N removable
ent mounted

supported at
gn shall be

e used, weld
ne baseplate
bplate or the
nents based

bn the top of

t. Otherwise,

5.2.2.4

Equipment mounting

Provisions for axial, lateral and vertical jackscrews alignment shall be provided for the package train. Where
jackscrews are used, they shall be arranged to prevent marring of shimming surfaces.

The packager shall furnish suitable shim packs under all machinery mounting feet.
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5.2.3 Enclosure and fire protection

General

ied, an enclosure system shall be supplied consisting of the following:

an enclosure surrounding the gas turbine and/or driven equipment;
an enclosure ventilation and purging system:;

a fire protection system.

5.2.3.1
When specif
a)

b)

c)

5232 C
Enclosures s
Water and/d
designed to

hydroscopic
Enclosures s
If necessary

maintenance
Caulking is 1

Access doots and/or manways shall be provided for routine maintenance and inspection. Seals shall be

around the g

Conduits, fir
other panels

When specified, windows shall be provided, preferably located in access doors on either side of the enclo

opposite ea
between par

If specified,

Lube oil fillin
the engine.

5233 F
Fire and gas
from the pa
minimum:

pnstruction
hall be resistant to the ingress of dust, and outdoor enclosures shall be additionally Wéatherg
r dust leakage through the enclosure wall and roof seams is unacceptable. Panels sha
minimize internal moisture build-up and corrosion of the panel. Panel materials shall be
non-combustible, and insect and vermin resistant.

hall be designed to permit easy on-site maintenance.

, removable roof sections, side panels or hinged bulkhead walls shall be provided for h

. The construction of maintenance accessways shall permit-easy return to the original cond
ot acceptable.

erimeter of the accessway. Accessways shall be lockable.

that must be removed for maintenance or are‘to be equipped with quick connection coupling

ch other. Each window shall be double pane, of wire-reinforced glass, with a dead air |
es.

ighting for general observation shall be provided within the enclosure.

g points used during.operation shall be outside the engine enclosure or remote from hot pa

re and gas protection

protection/systems shall be furnished when an enclosure is specified, unless specifically de
ckagér's scope of supply by the purchaser. The system shall consist of the following

b-prevention systems, gas detection, etc., shall‘iot be attached to the underside of the roof of

roof.
Il be
non-

eavy
ition.

used

any

b.

sure,
pace

ts of

eted
As a

a)
b)

c)

a fire suppression system;
a fire detection system;

a gas detection system for:

1) gas fuelled units,

2) when the driven machine handles flammable gas,

3) when operating in a hazardous area (see 6.4.4, 6.10.7 and 6.10.8).
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5.2.3.4 Ventilation and purging

The enclosure shall be provided with a forced or induced ventilation (cooling) and purging (hazardous area
declassification) air system designed to provide 100 % of the ventilation and purging load in the most severe
climatic/load conditions.

The ventilation shall be sufficient to avoid heat damage to the equipment within the enclosure.
The purge air shall be distributed to ensure it sweeps around all areas of the gas turbine and through all areas

of the enclosure in sufficient quantity to avoid dead spots where gases could accumulate in explosive
concentrations.

Furtliermore, in cases of fuel gases heavier than air and/or gas mixtures with low autoignition, femperature,
suffigient dilution and scavenging of the lower portion of the enclosure shall be provided.~Fhe pbility of the
ventilation system to fulfil these requirements shall be demonstrated.

The |purchaser shall specify on the data sheets system redundancy requirements”and whether positive or
negdtive pressure is required.

The pentilation system shall include air filtration and silencing equipment if required.

Ventjlation systems shall be designed to operate satisfactorily over the ambient temperature rangg specified.
Overcooling under low ambient temperatures shall be avoided.

Ventjlation and purging flow shall leave the enclosure via a.flanged exhaust port(s). Each port shall be
equipped with a fire-suppression medium damper and, where specified, with a back-draft damper. The
purchaser shall specify if additional ventilation ducting is required.

If copl-down ventilation is required to prevent damage to the gas turbine major auxiliary or insfrumentation
systems within the enclosure, a separate back-up far shall be provided.

5.2.4 Airinlet system

5.24.1 General

The fpir inlet system typically consists of the following:
a) |nlet filter (either single or'multi-stage);

b) pilencer;

c) Hucting;

d) pxpansionjoints (as required);

e) pressure drop test connections at the gas turbine inlet;

f)  |nstrumentation and protection devices.

Optional features, when specified, may include the following:

g) anti-icing system;

h) evaporative cooler with downstream moisture separation;

i) insect/bird screens;

j)  washing system (on- and/or off-line);

k) walkways, handrails, platforms and ladders required for access and maintenance;

[) absorption chillers;
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high effi

weather louvres;

facility to service filter replacements, i.e. lifting into position and removal;

ciency vane separator upstream of the air filters to prevent water ingress;

bypass door which opens after reaching a specified pressure drop.

Unless otherwise specified, the inlet system shall be designed for a maximum total pressure drop of 1 kPa

with a clean

air filter and a maximum at-site air flow.

Unless otherwise specified, provision shall be made to permit the maintenance and cleaning of prefilters on

multi-stage f

Bolts, rivets
the inlet sys

Unless othe
gas turbine
be mutually
access plate

or other connectors that can become loose and be carried in the air stream shall not be_us
em downstream of the final filter media.

wise specified, reinforced coarse mesh (stainless-steel screen) shall be provided\upstream g
nlet to minimize the potential of foreign object damage (FOD screens). Thecactual location

s, vaned elbows and aerodynamic disturbance at the intake volute or the(bellmouth.

When specifiied, all metallic air path components shall be stainless steel.

When carbo
required. Pr
the package

h steel air path components are provided, corrosion protection-of(the filter, ducting and silen
ptective material or coating and details of the surface preparation proposed shall be submitte
I for approval with proposal.

An indication of the life of the surface coating should be provided-by the packager. Grades of stainless

that are sen

The purcha
packager sh

To minimize
grade or any
5242

In

itized by welding should be avoided.

ber shall specify whether the filter house is. to;be at grade level or elevated. If elevated
all provide all structural support to grade.

the ingress of airborne dust, it is recommended that the air intake be not less than 5m a
adjacent large flat surface such as a.foof.

let filters

Filter systenps shall be of a design wéll,proven for the environmental conditions specified on the data sh

The purchas
is specified,
Debris scregq

The packag
(see Annex

Unless othe
environment

er and the packager shall agree on the type of inlet filtration system. If single-stage filtration|
the purchaser may(specify if provisions are to be made for the future addition of extra stg
ns and weather l6uyres shall not be considered stages.

h\ Table A:3).

ed in

f the
shall

hgreed upon by both the packager and purchaser, considering such facilities’as cleaning systems,

er is
d by

steel

| the

bove

eets.
only
ges.

br shall provide-in his proposal the filter system performance data as required on the data sheets

rwise (specified, a high efficiency mist eliminator shall be furnished as the first stage for m

arine

s AVetallic filter or non-absorbent type filter elements such as glass or polypropylene fibre ShT“ be

provided.

All filter systems require the following design features.

All wiring and conduit located downstream of the air filter elements shall be outside of the airpath.

orting structural steel shall be of bolted and welded design.

Modular construction with each module shall be fully factory assembled, wired and plumbed. Each
module shall have lifting provisions to be used for loading and unloading and for lifting into the final

All seams and joints on the clean air side of each filter system shall be airtight. All welded seams shall be
continuously seal welded.

a)
b) All supp
c)
assembled position.
d)
24
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5.24.3 Inlet silencers

Silencer attenuation shall be capable of meeting the system noise limitations specified by the purchaser.

Silencers shall preferably be flanged and sufficiently rigid to be supported only by the end flanges when

mounted in a horizontal or vertical duct system.

The construction of the silencer baffles shall prevent the entry of the baffle packing material into the air stream.

The silencer shall be designed to prevent damage resulting from acoustical or mechanical resonances.

Lifting provisions shall be incorporated on the silencer for handling.

The Hirection of flow shall be indicated on silencers, vents and cascade bends.

5.24.4 Inlet ducting

The Hduct system shall be arranged to give the minimum number of bends. Turningyvanes shall bg
chanlges in direction when required to ensure uniform flow distribution at the gasiturbine flange.
and [trailing edge of each vane shall be tapered and smooth. Vanes shall_be attached to th

contijnuous weld and shall be designed to avoid resonance conditions.

For fransition sections between duct components of different cross?sectional areas, the angle
sideg and the axis of the duct should be minimal to reduce pressure drop. In general, the angl
exceed 15°.

The Hucts shall be supported to allow lateral as well as axial'growth due to temperature changes.
and [supports shall be designed to remain stationary wheh sections near the gas turbine are
provide access for unit maintenance. Ducts shall be suffieiently rigid to avoid vibration.

b provided at
The leading
e duct by a

between the
e should not

The ducting
removed to

Where not restricted by size, access shall be pravided in each duct adjacent to the gas turbine iflet flange to

allow final cleaning and inspection of the entire duct system before operation. Covers, if requi
designed to permit their removal at any time without risk of fasteners or other objects being ing
gas {urbine. They shall be gasketed and .secured to ensure positive leakproof closure.

Gas
flang
turbi

ight expansion joints shall be_provided to remove all loads between the ducting and gas
es. These joints shall accommodate the relative movement of the ducting, regenerator (if g
ne in the vertical and horizontal directions.

5.245 Evaporative cooling system
Evap
givin
The
circu

orative cooling<cafn be used to reduce the ambient temperature as perceived by the gas tur
j extra outputsEvaporative cooling systems may be based on either a rigid media or a comp
[igid-media-type shall consist of the cooling media, pump, sump, drains and all necessary cont
ation and.€ooler control. The compressor spray shall consist of high-pressure pumps and a cor

Evap

ed, shall be
bsted by the

turbine inlet
ny) and gas

bine, thereby
[lessor spray.
ols for water
trol system.

severe site

orative cooler performance shall be based on the maximum possible airflow and the mos
envi iti i iqui
efficiency, E, as stated on the data sheet, is defined as:

- H <100
where
T, is the cooler exit temperature;
Ty is the dry bulb inlet temperature;
T, is the wet bulb inlet temperature.
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A corrosion-resistant inertial mist eliminator or coalescing element shall be provided in the ducting,
downstream of the evaporative cooler. The mist eliminator or coalescer shall be selected to minimize moisture
carryover from the inlet air stream.

Cooler water circulation shutdown shall occur on air temperature control. To prevent icing a temperature
probe shall be provided to automatically shut down water circulation when the exit air temperatures are less
than 10 °C.

All evaporative cooler metallic housing and internal structural supports shall be of stainless steel. All metallic
downstream air path components shall be of stainless steel.

The evapor ; )
The bottom jof each shall slope towards a flush drain. Protrusions or standpipes at the drain nozzles.afg¢ not
permitted. Bach drain nozzle shall be arranged to prevent unfiltered air from being drawn into the)dugting.
Emergency pverflow capability is required in addition to the primary drain system.

Mmage.

both
cting

When specffied, walkways, handrails, access ladders and manways shall be provided to service
upstream apd downstream of the evaporative cooler media, mist eliminator or coealescer, and du
downstream|of the cooler.

The packager shall specify the quality and quantity of the evaporative cooler water that is necessa
minimize copler and water system operating problems.

ry to

If the gas tyrbine drives a generator, the packager should ensure that the generator and other eledtrical

equipment ¢

5246 A
Under certa
purchaser t
perceived b
used when 3

When speci
and commis

The purchas
fired) and th
double-effeg

Due considq
system tom

For coastal |
inlet duct wa

an cope with the extra electrical output without overheating.

bsorption chillers

n ambient conditions (high ambient temperature* and high humidity) it may be desirable fo
b consider the use of an absorption chiller\to artificially reduce the ambient temperatun

r the
e as

the gas turbine. This may be used instead of an evaporative cooling system which is gengrally

mbient temperature is high and humidity.is low.

ied, the vendor shall furnish an integrated packaged system in such way as to keep install
S5ioning time to an absolute minimum.

er shall specify the preferred’source of heat for the absorption chiller (i.e. steam, hot water of

e available temperatures and pressures thereof. Absorption chillers are available as singl
t refrigerant machinés:

ration shall be\given to the chilled coil arrangement and design within the gas turbine air
bintain pressuf€loss at the minimum possible level.

ocations;»the material of the chilling coils should be marine grade to avoid corrosion problem
rk downstream of the cooling coils should be of suitable corrosion-resistant material.

ation

gas
e- or

inlet

s. All

If the chillin

coits eedto bedramed-imthewinter;thermcoits shoutdbeof suitabte cormrosion=resistantm

The absorption chiller shall be designed for the optimum duty condition (cooling effect).

erial.

The scope of supply for the system shall include the absorption chiller package, including evaporators,
condensers, chilling coils, transfer pumps, instruments and associated control panels (interfacing with the gas
turbine control system) and auxiliaries.

The purchaser shall indicate or specify if the waste heat (hot water) is required for other purposes.

Sufficient flexibility shall be accommodated in the system design to facilitate operation at conditions other than
full load. The chilling capacity must therefore be variable and controllable.
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Controls, instrumentation and equipment necessary for both the modulation and safe operation of the plant

shall

be included and integrated into the gas turbine control system.

Features shall be incorporated in the design to support a philosophy of minimum maintenance. It shall be
possible to operate the gas turbine in the event that the chiller is rendered inoperative and to maintain the
chiller when the gas turbine is in operation.

Refri

gerants used shall conform with the environmental requirements.

All utility requirements, quality and quantity, shall be defined by the packager, i.e. a.c. power, water treatment,

etc.

The
unit.

If th
equi

5.2.4

Whe]
turbi
the ¢
for d
plen

Whe
The

The
5.2.4
Whe]
type
stag
The

The

Linit shall be tested to the manufacturer's standard prior to dispatch to ensure satisfactory ops

b gas turbine drives a generator, the packager should ensure that the generator.and oth
bment can cope with the extra electrical output without overheating.

.7 Water wash system

h specified, the packager shall provide a water wash system for off-line’compressor washin
ne compressor section. The packager shall provide fluid quality and-quantity and utility requi
roposal. Flow isolating drains shall be provided at suitable locations within the gas turbine

ollection of the drainage and its subsequent removal. The.packager shall provide accesq
im for compressor inlet bell mouth area inspection.

h specified, the packager shall also provide a complete on-line washing system.

water wash system(s) shall be fully described in the‘proposal, including a system schematic.

backager shall provide operational procedures for the water wash system with the proposal.

.8  Anti-icing system

of automatic anti-icing systemsThis may be either at the front face of the filter or downstrear
p(s). The effect on package performance shall be identified and quantified.

backager may recommend the fitting and control of compressor air intake anti-icing to preven

on the intake bell mouth and first-stage blading (see 6.10.3).

5.2.§ Exhaust system

follo

bration of the

er electrical

g of the gas
ements with
ith facilities
to the inlet

h site ambient temperatures are below 5 °C, the purchaser and packager shall agree on the need and

h of the filter

system selected may rely upon heating of the inlet combustion air or use of air-activated pulsg¢-type filters.

ice build-up

Ving:

When specified by the purchaser, a complete exhaust system shall be furnished consisting tyTicaIIy of the

a) turbine-to-exhaust duct expansion joint;

b)
c)
d)
e)

f)

exhaust silencer;

exhaust ducting;

exhaust system structural supports;
exhaust drains;

stack.
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The purchaser shall specify special design considerations, such as:

g) insulation requirements for areas where personnel protection is required;

h) exhaust system discharge flange orientation, location and installed configuration;

i) pressure drop associated with equipment supplied by others, e.g. waste heat recovery units;
j)  emission sampling port(s).

The maximum allowable back-pressure, specified by the packager, shall be considered.

piping and
supports, st

The basic
corrosion-re

Components
components|

Acoustic an
prevent its d

The exhaus
be designed
without remg

Where not
inspection o

If required,
packager. T
turbine flang
remain stati

maintenanceg.

5.2.6 Piping

5.2.6.1

The packag
of the main
with conned

interconnecting piping between equipment groupings and off-base facilities.

General

xhaust ducting between the gas turbine and regenerator, including all reqwred expansion’j
ctures and necessary insulation and controls.

aterial for construction of the exhaust system shall be selected with suitable temperature
bistant material, taking into account the turbine operating cycle and site operating conditions.

shall be furnished with suitable provisions for lifting.

H/or thermal insulation, whether externally or internally applied, shall be suitably capturg
pterioration over time when subjected to a normal exhaust systef environment.

joints shall be constructed of metal or reinforced high-température fabric. Expansion joints

val of major components.

estricted by size, access shall be provided in_the exhaust system to allow for cleaning
the exhaust system.

structural supports shall be furnished forythe portion of the exhaust system provided by
hese supports shall be designed to allow for thermal growth and to reduce duct loads at the
es to within the manufacturer's specified limits. The ducting and supports shall be designg
pnary when duct sections near the yjgas turbine are removed to provide access for gas tu

br shall furnishy all piping systems, including mounted appurtenances, located within the con
Init's base area, any oil console base area, or any auxiliary base area. The piping shall term|
tions at.the' edge of the base. Unless otherwise specified, the purchaser shall furnish

The design ¢f*piping systems shall achieve the following:

of the exhaust system shall be connected for ease of installation~and maintenancsg.

y air
bints,

and

All

d to

shall

to prevent undue flutter, joint deterioration or pressure drop. The fabric shall be replacgable

and

the
gas
pd to
rbine

fines
inate
only

a) proper support and protection to prevent damage from vibration or from shipment, operation and
maintenance;

b) proper flexibility and normal accessibility for operation, maintenance, and thorough cleaning;

c) installation in a neat and orderly arrangement adapted to the contours of the machine without obstructing
access openings;

d) elimination of air pockets by the use of valved vents or non-accumulating piping arrangements;

e) complete drainage through low points without disassembly of piping.
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Piping systems furnished by the packager shall be fabricated, installed in the shop, and properly supported.

Welding shall be performed by operators in accordance with procedures specified in Section IX of the ASME
Boiler and Pressure Vessel Code, or relevant international or national standards given in Annex B.

5.2.6.2 Oil piping

Gravity oil return piping shall be sized to run no more than half full when flowing and shall be arranged to
ensure good drainage (recognizing the possibility of foaming conditions). Horizontal runs shall slope
continuously towards the reservoir. If possible, not more than one lateral in any transverse plane should enter

the drain headers at a 45° angle in the direction of flow.

Pres
Unle

5.2.6
The
Sepa
conn
conn

switd

Unle

sure piping downstream of oil filters shall be free from internal obstructions that could(acc
5s otherwise specified, the material for all piping downstream of the oil filter shall be stainless

.3 Instrument piping and tubing

backager shall supply all necessary piping, valves and fittings for instruments.and instrument
rate secondary block and bleed-type isolating valves are required for’each instrument of
ection. Where a pressure gauge is to be used for testing pressure alarm or shutdow
ections according to national or purchaser's safety regulations ‘re required for the pressur
hes.

55 otherwise specified, control-air and instrument tubing.shall be of stainless steel.

Umulate dirt.
steel.

panels.

a common
n switches,
e gauge and

5.2..4 Steam or water injection piping system

Unleps otherwise specified, piping, fittings, valyes and tubing materials for steam/water ipjection into
combustion systems shall be of stainless steel.

5.2..5 Process piping

The pxtent of the process piping to be supplied by the packager shall be specified by the purchasgr.

When specified, the packager shall review all piping, appurtenances (intercoolers, aftercoolers| separators,
knogkout drums, air-intake-filtérs and expansion joints), and vessels connected immediately upstream and
downstream of the equipment components and their supports. The purchaser and packager shall pgree on the
scope of this review.

5.2.71 Oil systems

Unlegs othérwise specified, the oil system required for the drive train components (gas turbing, main load
drivg gear‘and driven equipment) shall preferably be integrated into the gas turbine and/or driveh equipment
package: When any international or national standard is applied, the extent of compliance shalll be mutually

agreed upon between the purchaser and packager.

The oil system may be a single common system or two separate systems. One of the two systems may be
dedicated to an aeroderivative gas turbine or any other component which uses a synthetic lubricant. Synthetic
and mineral oil systems, including vents and drains, shall be segregated.

A mineral oil based system may be used to supply the compressor sealing requirements (if applicable) with
approval of the purchaser.

The packager shall provide a complete description of the oil systems in the proposal, including schematic
diagrams and lists of materials.
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Unless otherwise specified, a pressurized oil system(s) shall be furnished to supply oil at a suitable pressure
or pressures, as applicable, to the following:

a) the bearings of the driver and of the driven equipment (including any gear);
b) the continuously lubricated couplings;
c) the governing and control-oil system;

d) the seal-oil system;

e) the hydfaulic oil system for hydraulic starter(s) when requiread.
Where oil is|supplied from a common system to two or more machines (such as a compressor, a~gear gnd a
turbine), the| characteristics of the oil shall be specified on the data sheets by the packager.-The packager
shall ensure|that the specified oil meets the requirements of the different machines.

When the ugual lubricant employed in a common oil system is a hydrocarbon oil, the oilshall correspopd to
ISO viscosity grade 32, 46 or 68, as specified in ISO 3448.

Pressure lufrication systems shall typically consist of the following:
a) asupply and return system;

b) an oil cgoler (when required);

c) a full flow (nominal) filter;

d) alow lupe-oil pressure shutdown;

e) steel oilfcontaining pressure components;

f) a main pil pump, full capacity, separately driven, and automatically controlled when the package main oil
pump ig not shaft driven;

g) standby(spare) pumps;
h) a prelule/postlube/cool-down tubrication system when required;
i) alubrication system capable of safe coast down in the event of loss of a.c. current;

i) instrumentation to indicate operating parameters such as temperature or pressure.

5.2.8 Fuel|system

5.2.8.1 General

The packager shall supply the system for receiving precompressed, superheated (if necessary) and filtered
fuel from the purchaser. The interface between the purchaser's and the packager's supply shall be agreed
upon. The fuel system shall be operable with any specified and agreed upon fuel(s).

When specified, the packager shall review the purchaser's fuel system.

NOTE The purchaser may specify a day tank for liquid fuel operation to allow start-up and sustained operation for a
reasonable period of time.

The purchaser and packager shall mutually agree on the type, grade, composition, range of lower heating
values, temperature(s), delivery pressure(s) and contaminants of the proposed fuel in the inquiry specification.
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The contaminants likely to be found in fuels depend on the kind of fuel involved, such as pipeline natural gas

and

producer gas. Some of the contaminants that are likely to be found include:

a) water and gas hydrates;

b) sand, iron oxides and other solids;

c) naphthalene;

d) hydrogen sulfide, sulfur dioxide, sulfur trioxide and total sulfur;

e) alkali metals;

f)  phlorides, carbon monoxide and carbon dioxide.

Congentrations of hydrogen sulfide, sulfur dioxide, sulfur trioxide, total sulfur, alkali metals, chlonides, carbon
monpxide and carbon dioxide are corrosive agents that will cause elevated temperature, corrosipn of turbine
nozZles and blading materials and ambient temperature corrosion of fuel control valves and systemms.

The fotal sulfur content shall be considered and the temperatures at any point imthé exhaust sysfem must be
above the acid dewpoint (approximately 150 °C) in order to prevent the formation of sulfurous and|sulfuric acid
which will accelerate corrosion and reduce component life.

The fgnition system shall include an ignition transformer and igniter plugs. Ignition shall be autopatically de-
enerpized and fuel flow stopped if the gas turbine fails to establish combustion.

Fuelldistribution piping and tubing shall be of stainless steel. The Use of flexible hoses shall be mihimized and,
when used, limited to locations where relative movements¢must be accommodated. All fuel hoses shall be

madg of stainless steel and covered with abrasion-resistant,braiding.

5.2.4.2 Gaseous fuel

5.2.8.21 General

The packager shall advise the purchaset6f maximum/minimum fuel temperatures and pressure
the packager's fuel gas inlet connection." The maximum temperature is set by the gas turbine
desiin (e.g. seals, brackets, valves and instrumentation). The minimum temperature is set pi
spedified margin above the dewpoint of the fuel gas and may be limited in extreme cases by thg

fuel

muty

30°
func

is influenced by the pressure drop of valves, pipings, filters, etc.

Gas
purc

whetle condensation could occur. Also liquid hydrocarbons shall be eliminated.

5.2.8

system design. As the dewpoint cannot be consistently measured, the packager and pur
ally agree on a gas analysis as a basis for the dewpoint calculation. A safety margin of typid
U is required. The pressure is set by a specified margin above the gas turbine pressure rati
ion of the particular gas turbine ambient temperature load (base or peak) and site elevation.

shall be free’of liquids and solids at the purchaser's connection to the package. Special prov
hasers, stich as separators or knockout drums, may be required to eliminate condensate

5 required at
fuel system
imarily by a
gas turbine
chaser shall
ally 20 °C to
D, which is a
This margin

sions by the
in situations

AL

J

The range of net specific energy of each gas shall be specified by the purchaser. For variations of Wobbe
index of more than 5 %, the rate of change shall be specified by the purchaser as special equipment may be

required.
5.2.8.2.3 Fuel gas system
A gaseous fuel system shall typically include the following:

a) Y-type fuel strainer(s);

b)

necessary instrumentation;
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c) a manifold and nozzles;

d) two fuel shut-off valves with an intermediate vent valve for automatic operation and system purging prior
to starting;

e) afuel control valve;

f)  afuel gas pressure regulator, if required.

When specified, a fuel bypass valve and vent valve for purging the fuel gas line shall be provided.

If the fuel gas pressure required by the packager is higher than that available, a fuel gas compression system

shall be furrlished by the packager when specified by the purchaser. The packager shall state the maximum
allowable fugl gas temperature supplied by the purchaser.

5.2.8.3 Llquid fuel

A liquid fuel pystem shall typically include the following:

a) duplex fuel filters with a continuous flow transfer valve;
b) fuel charge pump;

c) atomizing air compressor (if required by the packager);
d) two fuellshut-off valves for automatic operation;

e) necessary instrumentation;

f)  fuel confrol valve;

g) fuel flow dividers, if required;

h) fuel nozzles and manifold;

i) draining facilities.

For dual fue| engines where the principal fuel is gas, a single fuel filter may suffice.

To prevent goking and plugging,. the packager's design shall include facilities to purge or drain liquid fuel|from
the fuel manffold system.

Unless agregd otherwisg;-dual fuel filters shall be accessible and capable of being cleaned while in operation.
The transfer|valve shall’have a carbon-steel or stainless-steel body with stainless-steel plugs and plug-ja¢king
devices.

5.2.8.4 Dualfuel operation

When specified, the gas turbine should preferably be provided with the necessary equipment to permit normal
(starting and continuous) operation on any of the fuels; i.e., liquid/natural gas, liquid/liquid or gas/gas. The
dual fuel system shall provide the capability of automatic transfer from one fuel source to another while under
full or part load operation.

When operating on gas fuel, the liquid fuel lines, nozzles, manifolds, etc. shall be prevented from plugging,
coking or overheating either by continuously purging or other means.

The packager shall provide a project-specific flow diagram, complete with a bill of material and a written

technical description of the dual fuel system, with the proposal. Water/steam injection requirements during fuel
transfer shall be stated in the technical description (see Annex A, Table A.4).
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Water/steam injection operation

The water/steam injection system shall be capable of providing the specified power augmentation or specified

level

s of NO, and CO suppression.

The packager shall provide a project-specific flow diagram, complete with a bill of material and a written
technical description of the water/steam injection system, with the proposal (see Annex A, Table A.4).

Water/steam quality and supply requirements shall be stated in the proposal (see Annex A, Table A.4).

5.2.8.6

DLE combustion

Wh

NO, Jand CO. The purchaser shall specify whether dual fuel capability is required and whether di

wet

5.2.9

The
instri

Elec
shall
anu
be p
unit

Pow

specified, the gas turbine shall be provided with a DLE combustion system to suppréess

ode is acceptable.

Electrical systems

characteristics of the electrical power supplies, such as those,.used for motors,
imentation, shall be specified by the purchaser.

rical controls may be either a.c. or d.c. and shall be described in’ the' packager's proposal. Th
specify whether the d.c. power supply is to be provided by the)packager. When a.c. power,

rovided by the packager. When specified, the control system shall be designed to maintain o
protection for a period to be stated by the purchaser in the event of interruption in the utility a.

br and control wiring within the confines of the baseplate shall be resistant to oil, heat, 1

bmissions of
y-dry or dry-

neaters and

e purchaser
is specified,

hinterruptible power supply (UPS) shall be provided. The pufchaser shall specify whether the UPS is to

peration and
C. supply.

noisture and

abrapion. Protection relevant cabling shall be fire resistant to ensure the safe shutdown of the unit

Strapded conductors shall be used within the confines of the baseplate and in other areas subjec{ to vibration.
Themmocouple and control panel ribbon cable”wiring may be solid conductors. The wiring system shall be
suitable for the environmental conditions. specified.

Earthing systems shall be provided as well as suitable plugs and sockets.

Unle
for id

5s otherwise specified, all Ieéads on terminal strips, switches and instruments shall be perman
entification.

ently tagged

To facilitate maintenance;)clearance shall be provided for all energized parts (such as termina] blocks and

relays) on turbine and‘auxiliary equipment.

Elec
5.1.3

rical materials, including insulation, shall be as corrosion resistant and non-hygroscopic as
). When atropical location is specified, materials shall be given the treatments specified belo

ossible (see
V.

a) Parts (such as coils and windings) shall be protected from fungus attack.

b) Innainted surfaces shall be protected from corrosion by nlating or other suitable coating

Ll Lo J J J
Control, instrumentation and power wiring (including temperature element leads) within the limits of the
baseplate shall be either steel wire armored or installed in rigid metallic conduits and boxes as specified by
the purchaser, properly supported to minimize vibration and isolated or shielded to prevent electromagnetic
interference.

Conduits may terminate (and, in the case of temperature element heads, shall terminate) with a liquid-tight
flexible metallic conduit or explosion-proof flexible fittings (as applicable to the area classification). All flexible
conduit shall be long enough to permit access to the unit for maintenance without removal of the conduit.

Steel wire armored cabling shall be suitably glanded through junction box penetrations.
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6 Control and instrumentation

6.1 Control systems

6.1.1 General

The gas turbine power plant shall be provided with a control system to enable the operator to sequence the
gas turbine and its load device through its duty cycle (start-up, loading, operation, shutdown and stand-by).
The system shall also provide protection for the equipment via alarm and trip functions, and shall, where
specified by t cillary

systems su
specified by

Where the ¢
advise the p

6.1.2 Confrol and protection systems

nitoring. Cont

rol of an

the purchaser, be included.

ontrol equipment has to meet national standards, it shall be the responsibility of the .purchas
bckager of the latest relevant standards.

where

er to

Turbine confrol and protection systems shall be designed as “fail safe” unless othérwise agreed betweep the
purchaser apd packager. Fail safe for the purposes of this specification, wheh applied to a digital cgntrol
system, shall be as follows.

a) Digital

A digital inpdit instrument (e.g. pressure switch) used to protect the gas turbine shall be designed as “nor

open” and is
b) Analog

An analog
monitored fd

nstrument

then closed when the gas turbine is running and re-epened again on fault.
instrument circuit

nstrument (e.g. thermocouple input) used to protect the gas turbine, shall be continu
r open circuit and input value “out of range” detection. Either state shall cause the control sy

mally

busly
stem

to take apprppriate action, depending on the criticality of the parameter monitored and the level of redundancy
(if any).

c) Digital gontrol output circuit

A digital output (e.g. relay output) shall’be arranged to be “energized to run” and electrical power failure |shall
cause all didital outputs to movedhe-process to a safe state.

d) Analog|control output circuit

The device peing controlled shall be continuously monitored for position, directly or by inference; a pogition

error shall cause the-demand signal to be driven to its safe level.

On-line

e) testing of control and protection devices

Modern digital control systems normally have some degree of redundancy on critical circuits and/or provide
continuous health monitoring of many instrument loops, e.g. thermocouple open circuit and out of range
detection. The packager shall advise the purchaser of the available facilities. The final scope shall be by
agreement between the purchaser and packager.

f) On-line replacement of instruments and controls

When specified, all instruments and controls other than shutdown sensing devices shall be installed with
sufficient valving to permit their replacement while the system is in operation. When isolation valves are
provided for shutdown sensing devices, the packager shall provide means of locking the valves in the open
position.
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Starting

The starting control system, including any start requirements such as turning, should be fully automatic with a
minimum of manual intervention. The start sequence should be initiated from a single action up to minimum
governed speed (or ready to synchronise in the case of a generating set). Start hold and release stages or
dwells may be built into the sequence according to the packager's design requirements and the purchaser's

oper:

6.3

Subsequent loading of the set may be manual, or automatic up to demanded power level, as spe

purc
load
load
In an

Whe]
man

6.4

6.4.1
This
oper
perfq
Auto|
sequ
6.4.2

The

f)

9)

ational requirements (see 4.3.3, 4.5.5, 4.7.3.1 and 5.2.1).

Loading

cified by the

naser. Manual operation requires the operator to raise the output to the desired set poin
ng is when the output is automatically increased to the set point without manual interyentio
ng may directly follow the starting sequence without any additional action of the operator:

y mode of loading, periods of dwell at specific outputs may be introduced to megt\warm-up rg

re a generator requires synchronizing to a particular system prior to loading, this may be
Lal or automatic means, as specified by the purchaser.

Unloading and shutdown

General
may be achieved by manual, semi-automatic or automatic means, as specified by the purch
htion requires the operator to perform or initiate .each step. Semi-automatic requires the|
rm some function such as unloading manually “while other parts of the sequence arg

matic operation is carried out from a single operator command. In each case, however,
ence of operations shall be as follows.

Controlled shutdowns: Generator.drives

sequence shall be:

controlled unloading to nominal zero output whilst remaining synchronized;

bpening the circuit breaker;

reduction to idling-speed and period of cooling under fired conditions (where applicable);
fuel cut-off and shutdown of auxiliaries not required for turning;

urningperiod, (if necessary);

t. Automatic
n. Automatic

quirements.

achieved by

hser. Manual
operator to
b automatic.
the principal

shutdown of remaining auxiliaries, for example lubricating oil pumps, after gas turbine cool do

wn;

reset to starting conditions.

6.4.3 Controlled stop: Mechanical drives

The sequence shall be:

a) controlled unloading to minimum load conditions, or to idling speed;

b) cooling period (where applicable);

c) fuel cut-off followed by shutdown of auxiliaries not required for turning;
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d)
e)

f)

reset to

turning period, (if necessary);

shutdown of remaining auxiliaries, for example lubricating oil pumps;

starting conditions.

6.4.4 Emergency protection system

6.4.4.1

The emerge
impending d
to maximizeg
immediately
follows.

6442 P
Under certa
(generator b
fuel is shut g
this is the c

Under certai
for the gas
fuel is shut
reloaded auf

The requirer
turbine man
recovery sys
the purchase

6443 E
Emergency

turbine/proc
the fuel shuf]

Following en

take place. 4
the package

6.4.5 Fire,

General

amage and shall, where appropriate, detect and operate independently of the governor. Inh
the life of the gas turbine, under certain circumstances, it may not always be necessa
execute an emergency stop, by tripping to minimum self-sustaining speed or minithum lod

otective load shedding

n fault conditions, the sequence may allow for the gas turbine to gocte~minimum load, no
reaker open) or trip to self-sustaining speed for a period of time, allowing for cooling befor
ff automatically and the gas turbine is shut down. The packager, shall advise the purchaser
se.

fault conditions, mutually agreed between the purchaserand packager, the sequence may
urbine to go to a partial load for a period allowing the fault time to correct itself. Failing thig
off automatically and the gas turbine is shut down. Assuming the fault clears, the set mg
omatically or manually.

ds or

brder
ry to
d as

load
e the
vhen

Bllow
, the
y be

nent to decelerate to minimum load or trip to mifimum self-sustaining speed is set by the cor¢ gas

Ifacturer, but the feature may be of interestwhen designing the process for the driven unit or
tems to reduce the number of potential full’ shutdowns. The application shall be agreed bet
r and packager.

mergency shutdown

shutdown may be manualty-initiated but shall occur automatically on operation of applicablg
pss plant protection devices as agreed with the purchaser. The system shall operate direct
Loff valve to stop thergas turbine fuel supply.

nergency shutdown, normal turning and shutdown sequences, as appropriate, shall subsequ

\n automatic restart shall not be possible without a manual reset unless mutually agreed bet
I and purehaser and supported by the package safety assessment.

gas detection and ventilation failure shutdown

heat
veen

gas
y on

ently
veen

Should a se

I0US Tault De aetecteq, suchn as Tire, gas leakade at trip 1evel, or ventiiation raliure, snutdown

shall

occur automatically as a result of the function of automatic detection devices. The system shall operate
directly on the fuel shut off and vent valves. The gas turbine shall be shut down immediately without ramping

to minimum

load or cooling period.

In the case of gas detection at an enclosure ventilation outlet (but not the inlet), the ventilation fans shall be
retained on to purge remaining gas from the enclosure.

If an unacceptable level of explosive atmosphere is detected at a ventilation inlet, the ventilation fans shall be
tripped where applicable as the source is most probably external to the enclosure, and shutdown of the gas

turbine shall

36

occur.
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6.4.6 Shutdown of generator sets
For electric generation, means shall be provided, either on the gas turbine or on the generator, for prevention

of motoring of the generator when the fuel stop valve is closed. Where synchronous compensation or
generator starting is specified, these requirements may be operationally over-ridden.

6.4.7 Shutdown of mechanical drive sets

Automatic means shall be provided upon shutdown for isolating the driven equipment from the system it
supplies in order to prevent rotation or reverse flow.

6.5 | Ventilation and purging

6.5.1 Turbine enclosure

Ventjlation air movement should be monitored and interlocked with the automatic start*sequence | Only after a
satisfactory purge of the enclosure where no unacceptable level of explosive atmosphere has bgen detected
shalll the automatic start sequence continue. Unless national regulations state otherwise, the purging cycle
shalll displace normally at least three times the volume of the enclosure-before the starting sequence is
allowed to proceed.

6.5.31 Gas turbine purging

The
safe

starting control system shall provide an automatic turbine)purge period of sufficient duratipn to ensure
operation of the gas turbine and down stream components.

ee times the
e alternative

Unleps national regulations state otherwise, the purging“cycle shall displace normally at least thn
volume of the entire exhaust system (including the>stack) before firing the unit. In cases wher

precfutions are taken, this may not be necessary.

Whefe large exhaust system volumes lead(to excessive purge times, reduced cycle times maly be agreed
between the parties involved.

6.5.3 Special precautions

Where liquid fuels of a highly{volatile nature are used, such as naphtha or gases with a density [greater than
air, ppecial precautions may be necessary (see 5.2.3.4). These shall include, but are not limited to,
automatically operated.‘fdel dump valves, segregation of fuel handling equipment, special hazardous
atmgsphere detectors‘and liquid detectors.

6.6 | Fuel control

6.6.1 General

The fuetsupply-shal-be-autematicalhi-contrelled-during-starting-and-running-se-as-te-maintainthe gas turbine

within its safe operating envelope and to maximize the life of the machine. Where necessary to meet
environmental limits for emissions, the fuel supply shall also be controlled to meet combustion design criteria.

6.6.2 Dual fuel system operation

When specified by the purchaser, the control system shall be capable of controlling the gas turbine on gas
fuel(s) and/or liquid fuel(s) and shall allow for automatic (bi-directional) changeover throughout the full
operating power range. Any restrictions on transient changes in speed or load shall be advised to the
purchaser by the packager. Initiation of the transfer shall be a signal provided by the purchaser.
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6.6.3 Bi-fuel operation

When specified by the purchaser, the control system shall be capable of proportionally controlling each fuel in
parallel to maximize the use of the primary fuel according to availability. The packager shall advise the
purchaser of any limitations with regard to the minimum percentage for each fuel.

6.6.4 Low specific energy gas operation

Where the gas turbine is to be designed to run on very low specific energy gasses, such as some landfill or
coal derived gases, it may be necessary to start the unit on liquid fuel or natural gas from other sources, which
shall be made available by the purchaser. It may also be necessary to continuously pilot on one of these fuels
to prevent t)-Je combustion flame from blow out on transient load changes.

6.6.5 Variable specific energy gas fuel control

Where spedffied by the purchaser, the control system shall be capable of automatically compensating ffor a
varying spedific energy gas supply, maintaining stable operation over the full load range.

The purchaser shall specify the range of specific energy and Wobbe index of the proposed gas supply, which
shall be confirmed as acceptable by the packager.

6.6.6 Fuel|shut-off (gas and liquid fuel)

6.6.6.1 Fuel shut-off block valving
In addition tp the governor fuel valve(s), two independent meansshall be provided to shut off all gas fyel to
the gas turblne on any shutdown condition and shall not open, until all permissible firing conditions have peen
satisfied.

If the gas gdvernor fuel valve is of a tight shut-off desigh, and fail safe closed, this may be accepted as ohe of
the shut-offd.

In the case pf liquid fuel operation, the shutdown of the fuel pump, if it is of a positive displacement design,
may be congidered as one means when backed up by a shut-off valve.

6.6.6.2 Vent valving

For gaseoug fuels, appropriate.vent valve(s) shall be used to reduce the risk of leakage into the gas tufbine
when the gaf turbine is shut dewn.

6.6.6.3 BJock and vént'valving (gas turbine enclosures)

For installatipn where the gas turbine is located in an enclosure and gaseous fuels are used, appropriate block
and vent valve(s) shall be used to reduce the risk of leakage into the enclosure when the gas turbine is|shut
down and ventilation fans are not running.

The requirement of 6.6.6.2 and 6.6.6.3 may be met using common equipment providing the primary block
valve is located outside the enclosure.

6.7 Governing and limiting

6.7.1 Speed demand
The control system shall provide for both manual and automatic speed demand via an auto/manual selector.

The speed range shall be the same for both and designed for bumpless transfer at any point after achieving
self sustaining speed.
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a) Constant speed (generator set applications)

Unless otherwise agreed between the purchaser and packager, no-load speed shall be adjustable, while
running, within the range of 95 % to 105 % of the rated speed.

The speed changer, when remotely operated, shall be compatible with other speed changers on units running
in parallel. The rate of load reduction from maximum site rated load to zero load shall be agreed between the

purchaser and packager.

b) Variable speed (pump and compressor drive applications)

Where the pump or compressor is required to run at varying speeds to meet process demand, the control

systeém shall be capable of accepting an input from the process controller to regulate turbine spped demand

over|an output shaft operating speed range as specified by the purchaser.

6.7.4 Speed control

6.7.32.1 Governor transient performance (single-shaft gas turbine generator_set applications)

The povernor shall limit the output speed at 105 % of the rated speed underall-conditions of steadly state. The

govdrnor systems for electric generator drive shall prevent the gas turbine\from reaching the gag turbine trip

spegd after an instantaneous loss of maximum potential load. This assumes the gas turbine |is operating

undgr conditions within the limits of capability set by specified ambient conditions with design fyel pressure,

temperature and fuel specific energy, and with the speed changer set and controlling at the rated $peed.

6.7.4.2 Governor transient performance (twin-shaft gas turbine generator set applications)

The ppeed governor shall control the speed rise of the gas turbine and/or power turbine to a valyie which will

permit a restart without need for an inspection of the gas turbine after shedding of maximum potential load

(seel4.3.2).

The packager shall advise the purchaser of the'maximum single step load that may be applied to the unit.

NOTE In the case of a free power turbine} this can be significantly less than 100 % load due to relative lIpw inertia.

6.7.2.3 Dead band

The dead band at rated speed-and at any power output up to and including the maximum power output shall

not gxceed 0,1 % of the rated speed.

6.7.3 Speed contro) stability

6.7.3.1  Capability

The |speed governing system controlling the fuel rate for the gas turbine operating between gero and its

maximdm power, shall be capable of stable control of:

a) the speed of the gas turbine when the driven equipment is operated in isolation;

b) the fuel energy input to the gas turbine when the driven equipment is operating in parallel with other
driven equipment.

6.7.3.2 System stability

The system shall be considered stable under the following conditions.

a)

The driven equipment is operated and under sustained load demand, provided that the magnitude of the

sustained oscillations of turbine speed produced by the speed governing system and fuel control system
does not exceed a specified percentage of the rated speed (e.g. 0,12 % to 0,25 % of rated speed).
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b) The magnitude of the sustained oscillations of energy input produced by the speed governing system and
fuel control system does not produce a change in output exceeding + 2 % of the rated output when the
driven equipment is operated at rated speed in parallel with other driven equipment at constant speed

and under sustained load.

6.7.4 Governor fuel valve

The fuel governor valve shall return to the closed or minimum position after any turbine shutdown condition
(see 6.6.6.1).

6.7.5 Tem

perature limiting

The fuel control system shall include an override system to prevent exceeding the gas turbine rated
temperature| or maximum gas generator speed, whichever is the more stringent limit.

firing

6.7.6 Temperature limit stability

The temperature control and fuel control systems shall be capable of reliably controlling“the temperaturges of

the gas turb
conditions e

The tempera
equipment i
the sustaing]
and the fuel

ine, when the gas turbine is operating on temperature control, at theé-set limit for the am
isting, when the driven equipment is operating in parallel with other driven equipment.

ture limiting or control system and fuel control system shall be-cénsidered stable when the d
5 operating in parallel with other driven equipment at constant'speed, provided the magnitu
d oscillation of turbine fuel energy input produced by thetemperature limiting or control sy

6.7.7 Othdr limits

Other contrg
applied, for
delivery, ten

I limits may be applied to the fuel control system as required by the packager. Limits m4g

perature or pressure and power turbine(exit temperature.

6.8 Emission control

control system does not produce a change in output exéeeding 6 % of the rated power outpuf.

bient

riven
e of
stem

y be

example, to the LP or HP spools of a gas) generator speed, power turbine speed, compressor

6.8.1 General

The gas tubine control system-shall incorporate all the functions to sequence, monitor and contro] the
combustion |process to meet the-specified emissions levels using the specified emissions control technique
(DLE, waterjor steam injection)-

6.8.2 Emigsion monitoring

To satisfy the reguirements of some national regulations, it may be necessary to provide emission monitpring

systems. These.may be based on measurements (continuous or intermittent) or on predictive calculations].

6.9 Overspeed protection

6.9.1

General

Each separate shaft shall be fitted with an overspeed protection system unless it can be shown that
dangerous overspeeding is not aerodynamically possible.

The overspeed protection system, if electronic, shall employ a minimum of two independent sensors and

circuits.

40
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6.9.2 Overspeed settings

The main function of the overspeed protection system is to cause the fuel to be cut off near the burner(s) by
means which are independent of the main governor valve(s).

The overspeed setting on a single-shaft generator set shall not be set above 110 % of the synchronous speed.
For twin-shaft (free power turbine) generating sets, the setting shall exceed the speed resulting from sudden

loss of maximum potential power with a margin that avoids spurious trips but does not result in overstressing
of the rotor(s).

For fWwh-shaft{free power turbine) mechanical drive sets, the setting shall be 5 7 above thle maximum
continuous speed.

NOTE See 4.3.2.
6.9.3 Overspeed testing
Provjsion shall be made for testing of the overspeed trip. This may be manual or automatic ogeration, and

may|or may not require interruption of normal operation. The design shall*beé agreed between the purchaser
and packager.

6.9.4 Additional protection
Gas [turbines with separate power turbines or with heat-exchangers may require additional protegtion against

overgpeeding due to stored heat or large stored volumes of high pressure air, or both. Such prdtection may,
for ekample, take the form of blow-off valves actuated by{he main governor or overspeed trip, or both.

6.10 Protection systems

6.10{1 Flame monitoring

Dire¢t or inferred (indirect) flame failure_sensing shall be provided to monitor the presence of g combustion
flamg at the appropriate point during the start cycle and subsequently during normal operation| Should the
burngr(s) fail to light within a safe-time period, or extinguish while running, the fuel supply shall be [shut off.

Unlegs otherwise agreed between the purchaser and packager, the above shall be considered a firm
requjrement.

6.10{2 Bearing temperature

Gas | turbines{ with main shaft bearings of the hydrodynamic type shall be equipped with [temperature
monl|toring, Which shall measure the bearing metal and/or return-oil temperatures, and actuate alarms and/or
shutflowns(should an abnormal temperature be detected.

6.10.3 Air intake icing

The packager shall install the necessary equipment to automatically control the action of any anti-icing system
fitted to the gas turbine inlet air filtration system or intake bellmouth/first-stage blading (see 5.2.4.8).

6.10.4 Air intake pressure drop

The intake system shall be instrumented to provide indication of, and actuate alarm and/or trips on, high
differential pressure between the ambient and intake flange, as agreed between the purchaser and packager.
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6.10.5 Exhaust system back pressure

Where exhaust heat is to be utilized directly or recovered through the use of a waste heat recovery unit, the
packager shall advise the maximum acceptable total system back pressure. To protect the gas turbine from
excessive back pressure, fault monitoring shall be provided; either damper position or pressure monitoring
may be used as agreed between the packager and purchaser. In all cases, the packager shall ensure that the
method used is fast enough to prevent damage to the gas turbine or system components.

6.10.6 Vibration and axial position monitoring

6.10.6.1 General

A vibration gnd axial position monitoring system shall be supplied to warn the operator of changing:vibration
levels or shdft axial position, and to trip the machine if they change by an unacceptable value.

NOTE The purchaser may specify a system in accordance with API 670.
6.10.6.2 Aproderivative gas turbines

Case-mounted seismic acceleration sensors (integrated to read velocity) are normally fitted. If the gas turbine
is of a multispool design, it may be necessary to employ a monitoring systeni with tracking filters to isplate

spool specific frequencies.

Shaft axial position monitoring is not fitted to this type of gas turbine.

6.10.6.3 Industrial gas turbines
Industrial gds turbines shall be fitted with shaft displacement’vibration probes and axial position indicators.
The fitment pf casing mounted acceleration/velocity sensors may be considered, providing the packagef can

demonstratd satisfactory correlation between his measured acceptance levels and the absence of longiterm
damage (seg¢ 4.7.2.2). The final selection shall be as agreed between the purchaser and packager.

6.10.6.4 Gearboxes and driven units

The design [and scope of supply for yibration monitoring on gearboxes and driven units shall be agreed
between the|purchaser and packager:

6.10.7 Fire detection and protection

Where the gas turbine is)installed in an enclosure, suitable means shall be provided to monitor fof the
outbreak of fire within the-enclosure. The fire suppression system and fire detection system shall be designed

a) to satis:[; the pational or regional requirements, and

b) in accondabce with the mutual agreement between the purchaser and packager.

Rate-compensated thermal detection shall be considered the minimum level of detection. Additional levels of
detection, such as optical (ultraviolet, infrared) or smoke, shall be specified by the purchaser.

All fire suppression and detection devices utilized within the enclosure shall be designed to operate
throughout the entire range of operational service conditions encountered within the enclosure.

Halon or other ozone-depleting agents shall not be used for fire suppression.
The shutdown sequence shall be treated as in 6.4.5 unless otherwise agreed between the purchaser and

packager. The shutdown sequence shall include the isolation of the ventilation fans, closing of fire dampers
and the release of extinguishant to bring the fire under control.

42 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=f78cfbdf29ea320bec298e85db518141

ISO 3977-3:2004(E)

The fire extinguishant shall be automatically released unless agreed otherwise between the purchaser and
packager. In the case of automatic release, a delay may be necessary after an alarm to warn personnel of the
situation. When CO, is used as a fire extinguishant, a warning and a delay is required.

A means shall be provided to safely isolate the release during maintenance and entry into the enclosure.
NOTE 1 Isolation for entry may not be required if non-toxic or non-asphyxiant extinguishant is used.

A manual actuation system shall be provided. A manual release station shall be located externally on each
side of the enclosure.

Folldwing a fire in the enclosure, the extinguishant shall be sustained at an adequate Tevel for a period of time
to allow cool down of the gas turbine to a level below self ignition of any flammable fluid that'mvaly be present
in the enclosure. For large heavy-duty gas turbines this is not possible due to excessive need.of ektinguishant.
In these cases, the sufficient extinguishant level shall be kept until the engine is at low speed (typjcally 15 min
to 30 min). Other measures like supervision and foam application have to be prepared\to prevent fe-ignition.

NOTE 2  An agreement with the local fire marshal or authorities is recommended.

NOTE 3  The purchaser may specify any special design considerations to belincluded in the suppregsion system,
inclugling the specific fire suppression medium.

6.10{8 Gas detection
A gap detection system shall be provided where
a) the gas turbine is gas fuelled, and/or

b) Wwhen the gas turbine is operating in a hazardous area.

NOTE Additional fire explosion risks relating to the driven unit should be considered and properly addregsed.

Suitgble means shall be provided to moniter for gas leaks entering or within the enclosure, and for alarm and
shutflown at appropriate concentrations._ The shutdown shall be treated as in 6.4.4.

In ap environment where gas ean“occur in the atmosphere (gas plants, LPG plants, etc.) a gas detector
shoyld be placed at the air intake-of the gas turbine.

The philosophy of initiationyand warning and shutdown levels for the gas detector(s) shall either
a) patisfy local or Aational regulations, or

b) pe agreedbetween the purchaser and packager.

Gas |detectors shall monitor for gas leakage and shall be arranged so that their efficiency is not|{impaired by
advgrse-air flow, i.e. by a high air demand for heat removal. When the gas alarm system detectf a specified
perc,utagc [‘Lyp?ba”y imtherat gc of 5%to—16-%attheventouttet-of the-towet c)\piuaivc it (LEL)], it shall

give an alarm. When the gas alarm system detects a specified higher percentage (typically in the range of
10 % to 25 % of the LEL at the vent outlet), the gas turbine should trip, as described in 6.4.5.

6.10.9 Lubrication

The control system shall provide for full automatic control, monitoring and protection as specified by the
packager. This shall cover the following conditions:

a) prestart priming, to establish minimum lubricating oil pressure;

b) starting, changeover of pumps as necessary;
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€) running, continuous monitoring of supply pressures and temperatures;
d) shutdown, including the starting of any emergency oil pumps;
e) any post-shutdown cool-down period.

The gas turbine supply oil temperature or bearing differential temperature shall be continuously monitored for
operation within safe limits as specified by the packager.

6.10.10 Exhaust temperature loading

An array of femperature detectors shall be provided to monitor the temperature of the gas turbine exhayst or
the temperajure before a separate power turbine. Sufficient detectors shall be provided to detect asynimetric
failure or deterioration of the combustion system or turbine nozzles. An alarm shall be initiated if an~abngrmal
temperature|deviation is detected. When higher deviation is specified, deloading, shutdown or trip,shall ogcur.

Appropriate pction should be taken in accordance with 6.4.4.

6.11 Compressor wash system

r on-line and/or off-line wash system with manual or automati¢)control may be supplied as
recommendéd by the packager or specified by the purchaser (see 5.2.4.7)5h the case of automatic coptrol,
the control slystem shall provide the automatic sequence of the cycle(s) and.all the necessary safety interfocks
and overridgs to prevent improper use.

6.12 Control system considerations
6.12.1 Archiitecture (digital systems)

6.12.1.1 Sjmplex systems

Where the cpntrol system reliability figures can-be*shown to be better than the gas turbine and in line with the
purchaser's requirements, a simplex control.and instrumentation system shall be considered acceptabje. A
simplex sysiem shall employ adequate safeguards (“watchdogs”) to monitor for a processor hardwafe or
software failpre and take necessary executive action to force the outputs to a safe state or watchdog trip.

6.12.1.2 Fault tolerant systems

Where it is Mitally importantthat’'unscheduled shutdowns are kept to a minimum as specified by the purchiser,
the control pystems, power“supplies, engine instruments and end devices may, as agreed between the
purchaser and packagery’be provided with up to triplicated hardware providing two out of three voting an¢ on-
line change-put of the'offending control component or instrument where practical.

6.12.2 Man|machine interfacing (MMI)

When specified by the purchaser, the control system shall provide the operator with a computer/monitor based
display system, providing plant mimics, displays, performance information, trend information, and alarm and
shutdown logs.

6.12.3 Alarm and annunciation

6.12.3.1 Fault shutdown
The control system shall employ a "first up lock out" shutdown sequence, the output of which may be

displayed on a conventional lamp box style annunciator or monitor system, as agreed between the purchaser
and packager. The fault output annunciation shall not clear itself until manually reset.
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6.12.3.2 Fault warning

The control system shall employ a warning annunciator to alert the operator of impending failure. The output
shall clearly indicate the sequence in which the faults occur. The fault output annunciation shall not clear itself
until manually accepted and the fault level has returned to normal. The alarm annunciator may be integrated
with the shutdown annunciator.

6.12.3.3 Status information

The control system shall clearly indicate to the operator the status of the gas turbine during start-up, running
and shutdown, and shall advise the operator when a command input is required. Status information may be
intedrated into the fault warning and shutdown display.

6.12{3.4 Audible alarm

The [control system shall be provided with audible panel alarms and outputs to drive,a remote klaxon when
spedified by the purchaser.

6.12{4 Recording of hours run and starts
The [control system shall be provided with a means of recording the number of hours run and the number of

starts made. The hours run may be segregated by the fuel used and.in the form of normal and pgdak power as
spedified by the packager.

6.12])5 Indication of shaft speed and hot gas path temperature

The fontrol system shall be provided with a permanently installed means of displaying turbine shaft speed(s)
and hot gas path temperature(s) downstream of the,combustor.

The display may be in the form of analog or digital meters, or may be built into a monitor display system, as
agreed between the purchaser and packager.

6.12)6 Performance monitoring

When specified by the purchaser; the control system shall provide the operator with adeqlate data to
determine when compressor (fouling has reached a level which requires that on-line or off-line| washing be
perfgrmed.

6.12|7 Trouble-shoeting aids

6.12{7.1 Controls and instrumentation

Where spégcified by the purchaser, the control system shall be supplied with fault diagnostic capgbility to help
iden]ify instrument and control component faults.

6.12.7.2 Gas turbine

Where specified by the purchaser, the control system shall be supplied with fault diagnostic capability to help
identify transient faults in the operation of the gas turbine.

6.12.8 Electromagnetic compatibility

The control panel shall be so designed and constructed that external electromagnetic radiation does not
interfere with its operation and that any emissions are limited to the extent necessary for its operation.

Where national regulations exist, the packager shall comply with these regulations.
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6.12.9 Spare termination

The packager shall allow for 10 % spare termination capacity, and adequate space for additional I/O circuit
boards. This spare capacity may be used during the engineering of the project. The minimum amount of spare
capacity remaining at the point of delivery shall be agreed between the purchaser and packager.

6.12.10 Control system power supplies

Where the purchaser desires to supply his own uninterruptible power supply systems, the packager shall
advise on the voltage range and tolerance, and both static loading and inrush current conditions.

6.12.11 Internal control panel wiring

Internal con
standards as

6.13 Conti

Where the ir
with respect

The purcha
temperature

The purchas
The purchas
specify any

also state th

The packag

length that the control panel may be mounted awa¥ from the gas turbine.

6.14 Operability and diagnostics

The gas turl
conditions a

If specified
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systems, wh

6.15 Data

specified by the purchaser.

ol panel installation

to earthing and cabling to maintain electromagnetic compatibility.

ber shall specify any special installation requirements with~regard to dust, humidity, w
and isolation from any source of vibration.

er shall specify the area classification for the location of‘the control panel and operator station
er shall specify the location of the control panel with respect to the gas turbine, and shall
ndditional operator stations (e.g. local to the machine, central control room). The purchaser

b degree of control and monitoring required at'each position.

er shall advise the purchaser of any.cable segregation requirements and the maximum

ine shall be adequately instrumented for ease of operation, maintenance and diagnosing of
5 agreed between the purchaser and packager.

by the purchaser, the packager shall offer a support service employing the us

cations (modem jinterfaces) to aid in the identification of faults on gas turbines and their cq
ch require spécialist diagnostic knowledge.

communications

trol panel wiring shall be to the packager's standard, providing this complies with” national

stallation is to be carried out by the purchaser, the packager shall advise all special requirements

ater,

2

also
shall

table

fault

e of
ntrol

The purchas

er-shall specify if any serial communication facilities are required. The purchaser and pack

ager

shall agree about the protocols to be used, the scope of data and control facilities over the link, data-transfer
rates and time-tagging requirements.

6.16 Special applications

6.16.1 Dynamic positioning and marine propulsion

6.16.1.1

Emergency and safety critical shutdown (marine propulsion)

Where gas turbines are being used for marine propulsion duty, emergency and safety critical shutdowns shall
be kept to a minimum in line with the Classification Society's Rules and Regulatory Authority's Requirements.
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6.16.1.2 Marine survey authority requirements

The packager shall meet the Classification Society's Rules and Regulatory Authority's Requirements with
respect to certification for environment, vibration, and electromagnetic compatibility of the control panel.

6.16.2 Emergency power gas turbine generator sets

Where gas turbines are being used for emergency applications, defined as maintaining power under life-
threatening circumstances due to earthquake, fire or flood, the controls and instrumentation requirements
specified in 6.1.2 e) to 6.15, excluding 6.9, may be relaxed and the following shall take preference.

a) ational regulations

Where national regulations exist for the safe reliable operation of an emergency plant, the gas turbine control
system shall be designed to meet these regulations.

b) Ruick starting/loading
The requirement for a rapid, reliable start-up is of prime importance on emergency generator sqgts. The start
seqyence shall be initiated automatically from the detection of an emergency condition such as power failure
in egrthquake and fire-fighting situations and shall be designed to minimize the time required to sfart and load
the get from cold.

c) PBystem protection considerations
The requirement for uninterrupted operation is of prime importance on emergency generator sets.|The number
of shutdown protection circuits shall be kept to a minimum and shall be designed to maximizg availability
durinlg emergency conditions even though the gas turbineé may be damaged by continued operatign.

d) Fault alarms/shutdowns

To npaintain uninterrupted operation, it is not-unusual to only allow manual shutdown following a gritical alarm
annynciation; only extremely critical faultsisuch as overspeed are allowed to automatically shut ddwn the set.
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Annex A
(informative)

Data sheets

Table A.1 — Data sheets — General

JUD INO. TTEIVI

P.O. No. DATE
ISO 3977 DATA SHEETS
INQUIRY No. BY
REVISION DATE
GENERAL
APPLICABLE[TO: O PROPOSAL O PURCHASE O ASBUILT
O FOR O UNIT
O SITE O SERIAL No.
O SERVICE O NO.REQUIRED
O GEOGRAFHIC LOCATION O SEISMIC REQUIREMENTS
O PACKAGHR MODEL SHOP ORDER |
DRIVER MANUFACTURER MODEL SERIAL No.
DRIVEN EQUIPMENT TYPE MANUFACTURER MODEL ___  SERIALNo. | _
ADITTIONBAL DRIVEN EQUIPMENT TYPE MANUFACTURER MODEL ___ SERIALNo. | _
TYPE MANUFACTURER MODEL ____ SERIALNo. [ _
O OUTPUT REQUIRED
O OPERATING SPEED RANGE REQUIRED
CYCLE: Q REGEN O SIMPLE O EXHAUST HEAT RECQVERY TYPE OF GAS < SINGLE SHAFT
TURBINE:
< MULTI SHART
DUTY: O CONTINUOUS O INTERMITTENT O STANDBY. OPERATION: O ATTENDED O UNATTENDED
NOTE: INFORMATION TO BE COMPLETED O BY PURCHASER BY PACKAGER
% BY PACKAGER IF NOT BY PURCHASER
PERFORMANCE LOCATION
GAS TURBINE; INCLUDING ALL ENGINE DRIVEN PARASITIC |O GEOGRAPHIC LOCATION
LOSSES
O SEISMIC REQUIREMENTS
O SITE RATE NORMAL DUTY
O SITE MAX|TEMP O INDOOR O OUTDOOR
O SITE MIN [FEMP O HEATED O UNDER ROOF
O UNHEATED O PARTIAL SIDES
O DRY BULB TEMP., °C
O RELATIVH HUMIDITY, % O ELECTRICAL AREA CLASSIFICATION
O BAROMETER, kPa NON-HAZARDOUS  CL/GRP/DIV
OUTPUT, kW (HP) (1) GAS TURBINE AREA o) Il
HEAT RATE, LHV, KI/kW-H GAS TURBINE ENCLOSURE o) I
< OUTPUT $HAFT:SPEED, r/min CONTROL PANEL o [

INLET AIR FLOW kg/s

INLET AIR SYSTEM, Ap, kPa

O MARINIZATION REQUIRED

WINTERIZATION REQU|RED

FIRING TEMP=C

EXHAUST FLOW, kg/s (1)

EXHAUST SYSTEM, Ap, kPa

EXHAUST TEMP., °C

O— TROPICAOZATIONREQUIRED
USUAL CONDITIONS: O DUST
O OTHERS:

INCLUDING EFFECTS FOR O STEAM

O WATER INJECTION
O DRIVEN EQUIPMENT, SEE SEPARATE DATA SHEETS

< EMISSION CONTROL < AUGMENTATION

STEAM FLOW, kg/h

—
N
—

O FUMES

PACKAGE SOUND LEVEL (4.3.9)

WATER FLOW, I/s

O  SOUND POWER LEVEL dBA
O  SOUND PRESSURE LEVEL dBAat1m
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Table A.1 (continued)

JOB No. ITEM
P.O. No. DATE
ISO 3977 DATA SHEETS
INQUIRY No. BY
REVISION DATE
GENERAL (continued)
SHIPMENT REQUIREMENTS EMISSIONS (4.3.8)
O WEIGHT/DIMENSIONAL LIMITATIONS O NO, REQUIREMENTS
O SPECHACONSIBERATONS NOEMFED
O QDOMESTIC O EXPORT O EXPTBOXING REQUIRED |EMISSIONS REDUCTION METHOD (IF REQUIRED
O QUTDOOR STORAGE MORE THAN 6 MONTH < WATER INJECTION < SCR
O (CEAN TRANSPORT PREPERATION TYPE < STEAM < DRY)COMBUSTOR
O UIFT SLINGS/SPREADERS BY PACKAGER < OTHER
O SO, REQUIIREMENTS
O SULFUR CONTENT OF FUEL
SO, EMITTED (BASED ON STATED SULFUR CONTENT)
O CO REQUIREMENTS
CO EMITTED
O PARTICULATE REQUIREMENTS
PARTICULATE EMITTED
O UNBURNED HC'REQUIREMENTS
O APPLICABLEEMISSIONREGULATION
PAINTING OTHER
O NANUFACTURER'S STD.
O QTHER
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Table A.2 — Data sheets — Utilities and connections

JOB No. ITEM
P.O. No. DATE
ISO 3977 DATA SHEETS
INQUIRY No. BY
REVISION DATE
UTILITIES AND CONNECTIONS
O  UTILITY CONDITIONS TOTAL UTILITY CONSUMPTION:
STEAM AUX DRIVERS: HEATING: COOLING WATER kg/min
INLET MIN. KPa T RPa T STEAMTEVEL — KPa — RPa — KPa
NORM kPa °C kPa °C STEAM, NORMAL - . .
MAX. kPa °C kPa °C STEAM, MAX. - . o
EXHAUST MIN. kPa °C kPa °C INSTRUMENT AIR m3/mim
NORM kPa °C kPa °C MOTORS (AUXILIARIES) kW
INLET MIN. kPa °C kPa °C BATTERY CHARGES kW
MAX. kPa °C kPa °C HEATERS kW
PURGE m3/mim
STARTING: INJECTION:
INLET MIN. kPa °C kPa °C
NORM kPa °C kPa °C
MAX. kPa °C kPa °C
EXHAUST MIN. kPa °C kPa °C
NORM kPa °C kPa °C
MAX. kPa °C kPa °C
ELECTRICITY| (4.6.4): TURBINE AIR EXTRACTION REQUIRED:
MOTORS HEATING CONTROL SHUTDOWN O  kg/min @
VOLTAGE O MAXIMUM PRESSURE AVAILABLE @
HERTZ kPa @
PHASE O DISCHARGE TEMP KS;
O ~COMPRESSOR STAGE EXTRACTED
COOLING WATER: NOTES:
TEMP: INLET °C MAX. RETURN °C.
PRESS NORM kPa DESIGN °C
MIN. RETURN kPa  MAX. ALLOW AP kPa
TEMP: INLET °C MAX. RETURN °C
DESIGN
WATER SOURCE
INSTRUMENT| AIR PRESSURE; kPa:
MAX. NORMAL MIN.
PURCHASE CONNECTIONS
CONNECTION (6] (0] (6] <> (6] (0]
SIZE FACING & POSITION FLANGED | MATING FLG GAS
RATING OR & GASKET VELOCI['Y
STUDDED [ BY VENDOR m/s
INLET AIR
EXHAUST GAS
GAS FUEL SUPPLY
STARTING AIR SUPPLY
NO, SUPPRESSION WATER
COOLING WATER
NO, SUPPRESSION STEAM
STARTING STEAM SUPPLY
NOTES
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