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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 commlttee International organizations, governmental and non-governmental, in

liaison with
Commission|

Internationa

The main ta
by the tech

(IEC) on all matters of eIectrotechnlcaI standardlzat|on

Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dirawn to the possibility that some of the elements of this part of ISO3977 may be the subjec

rights. ISO s
ISO 3977-3
ISO 3977 co
— Part 1:
— Part 2:
— Part 3: 1
— Part4:
— Part 5:
— Part7:
— Part 8:
— Part9:

Annexes A 3

hall not be held responsible for identifying any or all such patent rights.

vas prepared by Technical Committee ISO/TC 192, Gas turbiries.

Seneral introduction and definitions

Standard reference conditions and ratings

Design requirements

Fuels and environment

\pplications for petroleum and-natural gas industries
[echnical information

nspection, testing,-installation and commissioning
Reliability, availability, maintainability and safety

nd B of this part of ISO 3977 are for information only.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

5k of technical committees is to prepare International Standards. Draft International Standard
hical committees are circulated to the member bodies for voting. Publication as an International

nsists of the following parts, under the general title Gas‘¢urbines — Procurement:

otechnical

s adopted

of patent
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Gas turbines — Procurement —

Part 3
Desig

n requirements

1 Sco

This part
gas turbin
packager

It is not in
conform.

This part
open sys
machines

In cases ¢
super-cha

The relev:

NOTE

pe

of 1ISO 3977 covers the design requirements for the procurement of all applications of gas
e systems, including gas turbines for combined cycle systems and their auxiliaries, by a purc
It also provides assistance and technical information to be used in the prfocurement.

ended to deal with local or national legislative requirements with whieh the installation may b

pf 1ISO 3977 is applicable to simple-cycle, combined-cycle afid regenerative-cycle gas turbing
ems. It is not applicable to gas turbines used to propekaircraft, road construction and €
agricultural and industrial types of tractors and road vehicles.

f gas turbines using special heat sources (for example, chemical process, nuclear reactors,
rged boiler), this part of ISO 3977 provides a basis.

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

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

ISO 1940~
permissible

ISO 3448,
ISO 3977-
ISO 3977-
ISO 3977-
ISO 3977-

ative references

of applying the-most recent editions of the normative documents indicated below.
5, the latest €dition of the normative document referred to applies. Members of ISO and |

furbines and
haser from a

e required to

s working in
arth moving

furnace for a

brovisions of
publications
estigate the
For undated
FC maintain

T ; grical vibratior
residual unbalance

Industrial liquid lubricants — ISO viscosity classification

1:1997, Gas turbines — Procurement — Part 1: General introduction and definitions
2:1997, Gas turbines — Procurement — Part 2: Standard reference conditions and ratings
4:2002, Gas turbines — Procurement — Part 4: Fuels and environment

7:2002, Gas turbines — Procurement — Part 7: Technical information

rmination of

ISO 3977-8:2002, Gas turbines — Procurement — Part 8: Inspection, testing, installation and commissioning
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ISO 3977-9:1999, Gas turbines — Procurement — Part 9: Reliability, availability, maintainability and safety

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 10436:1

ISO 10441:1
Special purg

ISO 10442:1
COMpPressor:

ISO 10494:1
method

ISO 10814:1

ISO 10816-1
parts — Par

ISO 10816-3
parts — Parj

ISO 10816-4
parts — Par

ISO 11086:1
ISO 11042-1
ISO 11042-2
ISO 13691:2
ISO 13709:-
IEC 60034-1
IEC 60079 (
ANSI B 31.3

993, Petroleum and natural gas industries — General-purpose steam turbines for refinery se

999, Petroleum and natural gas industries — Flexible couplings for mechanical power trans
ose applications

1), Petroleum, chemical and gas service industries — Packaged, integrally\geared cen
for general refinery services

093, Gas turbines and gas turbine sets — Measurement of emitted airbarne’ noise — Engineer

996, Mechanical vibration — Susceptibility and sensitivity of machines to unbalance

11995, Mechanical vibration — Evaluation of machine vibration by measurements of nd
1: General guidelines

:1996, Mechanical vibration — Evaluation of machine vibration by measurements of nd
2: Large land-based steam turbine generator sets, in excess of 50 MW

11998, Mechanical vibration — Evaluation~of machine vibration by measurements of nd
4: Gas turbine driven sets excluding aircraft derivatives

996, Gas turbines — Vocabulary

:1996, Gas turbines — Exhaust gas emission — 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
1), Centrifugal ptiips for petroleum, petrochemical, and natural gas industries

, Rotating elecrical machines — Part 1: Rating and performance

bll parts);~Electrical apparatus for explosive gas atmospheres

'vice

nission —

rifugal air

fng/survey

n-rotating

n-rotating

n-rotating

, Chemical plant and petroleum refinery piping

ASME Boiler and Pressure Vessel Code Section IX

ASTM A-194, Carbon and alloy steel nuts for bolts for high-pressure and high-temperature service

ASTM A-307, Carbon steel externally threaded standard fasteners

NACE MR-0

175, Sulfide Stress Cracking Resistant Metallic Materials for Oilfield Equipment

1)

To be published.
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3 Terms and definitions

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

3.1
aeroderivative
aircraft propulsion gas generator adapted to drive mechanical, electrical or marine propulsion equipment

3.2

anti-icing system
system to[heat up the air enfering the air filter or compressor to prevent the formation of frost or ice on| the filters or
compresspr inlet

33
area claspification
classificatron of an area according to differing degrees of probability with which concenttations of flammable gases
or vapourg may arise

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

3.5
bi-fuel ogeration
simultanepus operation of the gas turbine on two dissimilar fuels (hot pre-mixed), such as gas and distiflate

3.6
back draft damper
arrangement with excentrically pivoted vane(s) designed o close and seat when through flow is revers¢d

NOTE Their function is to prevent backflow through & unit on standby in a spared installation. The dampers gre installed in
the fan dis¢harge.

3.7
coalescing element
arrangempnt of fibrous material with.special properties which accumulates, entraps and drains moisture from a
main air sfream

3.8
column mounting
arrangement whereby a/bdseplate is mounted at discrete points

3.9
cooling period
period in fime immediately following the shutdown of the gas turbine during which precautions have tq be taken to
protect thé_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.

© ISO 2002 - All rights reserved 3
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3.1
driven unit
components

EXAMPLES

3.12

of plant being driven by the gas turbine

Generator, pump or compressor.

dual fuel system

system whic

3.13

h allows the gas turbine to operate on two dissimilar fuels separately

electrical and mechanical run out

total indicat¢d reading from an inductive gap measuring transducer targeted on the rotor's designated

monitoring t
supported o

NOTE T
non-uniformit

3.14
enclosure
housing ove

NOTE It

3.15
emergency
immediate
personnel of

3.16

filter stage
section of a
pressure drg

NOTE Al
are combinati

3.17

ack when the rotor is rotating at very low speed (slow roll) in the gas turbine or is turnedyon
1 its bearing surface

nis will include mechanical (eccentricity, ovality or any surface irregularity) and electrical (residual mag
of the electrical properties of the rotor surface material) effects.

- the gas turbine usually designed for acoustic cooling and/or fire retention purposes

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

shutdown
anually or automatically initiated shutdown of the gas,turbine to prevent/minimize hazards,
impending damage

filter system which is designed to remaye) specific site contaminants at a prescribed effic
p

stage may be a specific media, an inertial separator, a mist eliminator, or a self-cleaning section. Multi
bns of the various filter stages.

foreign obj¢ct damage

damage to g

3.18

high-presst
compressor
pressure sta

3.19
hot gas pat

gas turbine componeht from the passage of an object not belonging to the gas turbine

re spool
and turbineyrotor assembly of high-pressure stages when driven by a turbine independent
ges

N temperatures

vibration
V blocks

hetism and

danger to

ency and

stage filters

Of the low

temperature

point downstream of the combustion system

3.20

inertial mist eliminator
arrangement of vertical chord-wise curved louvres with entrainment lips on the pressure side trailing edge 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
compressor.

© ISO 2002 - All rig
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This is more commonly applicable to aeroderivative gas turbines which require an undisturbed flow into the
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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

3.23
loading
application of load to the gas turbine via the driven unit, generator, pump or compressor

3.24
low-pressure spool

compressprand-turbine Totor assembly of fow=-pressure stages when driverr by aturbime-imdeperderm of the high-

pressure gtages

3.25
lower explosion level
lowest concentration of combustible gas in air at which ignition is possible, and at Wwhich the combustion will
propagatg through the mixture without the supply of external energy

3.26
mal-synchronization
connectiop of an alternator to an electrical system when the phase of the alternator voltage does not match that of
the system

3.27
maximun continuous speed
(for generpator drive applications) speed equal to the specified upper system frequency

3.28
maximun continuous speed
(for mechganical drive applications) speed equal to the 105 % of the highest speed required by any ¢f the driven
machine gpecified operating conditions

3.29
multiplane dynamic balancing
balancing|by spinning a rotor on bearings:and applying corrections at balancing planes along its length

3.30

net specific energy
minimum |energy within a/fuel” of given constant constituents without latent heat from condensatijon of water

resulting from combustion

NOTE 1 Expressechiti 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 turbine

3.32

on-line compressor washing

procedure for 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

© ISO 2002 - All rights reserved 5
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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.

3.35
potential maximum power
expected power capability when the gas turbine is operated at maximum allowable firing temperature, rated speed,

or Other I|m| tna aanAditinane oo dAafinad b tha oo ifantiirnr an A aathin tha ranan Af cnanifind oitn ol
g CoOMCOS oS Gt C OOyt o oraCtarCrantyvitr e Tarn gt o speomCt—ontC—varats

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 Itmay also be designed to fail when the drive torque exceeds a predeterminé€d value.
3.38

reset

action, usually manual, to allow the control system to prepare for adunther start attempt following a fault|shutdown
or unsuccespful start condition

3.39
residual magnetism
magnetism inducted into a magnetic material by exposureto magnetic fields during manufacture or service

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

3.41

rotor blade
blade fitted 1o the rotor (sometimes_referred to as a bucket) as opposed to the blades fitted to the stator (feferred to
as 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 ignition sources are not necessary

3.44

self-sustaining speed

minimum speed of rotation of the gas turbine's rotor under normal operation in which no external power 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

6 © 1SO 2002 — Al rights reserved
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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

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 ¢f 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 requiré reset action.

3.49
shutdown, semi-automatic
shutdown|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,.afnd will not require reset action.

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

3.51
stranded|conductors
cable having a multiplicity of wires making up the core conductor

3.52
un-interryptible power supply
power supply that is maintained for a stated period under main grid failure conditions

3.53
Wobbe irjdex
wi
heating value of the fuel divided’by the square root of the specific gravity (relative to air)

[ISO 3977-4]

NOTE 1 The heatipput from the gas fuel through the governor fuel valve under defined conditions is directly proportional to
the Wobbsd index;

NOTE 2 | Alternative definitions for Wobbe index exist and the way of defining the Wobbe index for gases sholld be agreed
upon between the purchaser and packager.

3.54
Zone |/Div |
area in which an explosive atmosphere is likely to occur in normal operation

3.55

Zone lI/Div I

area in which an explosive atmosphere is not likely to occur in normal operation and, if it occurs, it will only exist for
a short time

© ISO 2002 - All rights reserved 7
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4 Basic

4.1 Gene

requirements

ral

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 t

0 be used in the procurement.

4.2 Site-specific conditions

421 Site

The purchag
annex A. Th

4.2.2 Site

The purchag
annex A, Ta
no negative

4.2.3 Preli

Many factor
assembly a
packager sh

4.3 Operational requirements

4.3.1 Ope

The packag
criteria.

The gas tulbine package shall besmechanically designed for continuous service at design power d

components
load or low
shall not img

When a uni
power levels

The purcha

minary design review

conditions

er shall furnish accurate site condition data to the packager on data sheets such~as*those
b purchaser shall specify whether the package is intended for indoor or outdoor installation.

pperating point

er shall specify the site-specific operating point(s) on the data sheets’ (similar to those i
ble A.1). Unless otherwise specified, the gas turbine shall be designed to provide site rated g
folerance, at the heat rate tolerance quoted.

5 (such as piping and ducting loads, alignment atgoperating conditions, supporting stru
the site) can adversely affect site performance: To minimize the influence of these fa
pll review and comment on the purchaser's piping;\ducting and foundation drawings.

ational criteria

b shall operate on the test stand ‘and/or on its permanent foundation within the specified a

of the package shall-be designed for service at potential maximum power corresponding tg
pmbient temperatUre characteristics; i.e. components such as couplings, gears and driven
ose a mechanital Timit on the output from the unit.

operates~intérmittently at a rating higher than peak rating, it may have components rated
or with-shorter life expectancy.

ber” shall specify the available utility supplies on the data sheets. The packager shall p

shown in

cluded in
ower with

cture and
ctors, the

cceptance

utput. All
the peak
machines

at higher

ovide the

required utili

v requirements on the data sheets (see annex A, Table A.1)

4.3.2 Temperature and speed limits

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

Equipment shall be run without damage or need for inspection at the overspeed resulting from the instantaneous
loss of maximum potential load with the speed control system fully functional.

Equipment shall 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).

© ISO 2002 - All rig
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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.

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

restrictionf—m—mmmmm%ent shall be
provided Iy the manufacturer (see 6.2).

4.3.4 Trpnsient requirements

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

4.3.5 Control requirements

The packiage control system designed by the packager shall provide for sequenced startup, stable operation,
warning of abnormal conditions, monitoring of operation, and shutdowns_of the package in the event ¢f impending
damage tp the unit (see clause 6).

4.3.6 Instrumentation and communication

The purchaser shall specify requirements for instrumentation, data acquisition, data transmission |and system
interface ith the total facility (see clause 6).

4.3.7 Fyels

The fuel gystem shall be operable with the \normal fuel or any alternative or starting fuel specified in|ISO 3977-4.
The packiager shall advise the purchaser.of the effects of the fuel(s) on gas turbine package operation and
equipmentt life.

4.3.8 Exhaust emissions

The exhalist emissions from-gas turbines (mainly NO,, CO, UHC, SO,, smoke and particulates) depend to a large
extent on[the fuels used 'and the operating conditions of the gas turbine. Therefore the conditions for the specified
exhaust gmission limits'to be met shall be agreed between the purchaser and packager.

If not othgrwise specified, the limit values required by national legislation valid in the country where the gas turbine
operates shall be-met. Where no national legislation exists, the limit values shall be agreed between the purchaser
and packerger.

In all cases, the exhaust 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 (see 4.6.2 and 5.2.8.5).

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
neighborhood 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.

© ISO 2002 - All rights reserved 9
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4.4 Service requirements

4.41 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 IV, defined
in 1ISO 3977-2:1997):

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

— a hot gas path inspection interval of 8 000 h;

— atime hetween major overhauls of 24 000 h.

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

— applicatjons with water or steam injection,

— operatir|lg regimes other than class D, range IV, or

— special fesigns.

It is the packager's responsibility to identify in his proposal any speecial equipment and maintenance pfocedures
necessary tq achieve the aforesaid life and service intervals.

442 Reslonsibility for the unit

The packagér shall be responsible for the gas turbine,package performance and mechanical integrity.

4.4.3 Inspgction schedule

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

All equipment shall be suitable for)periods out of operation up to a minimum of 4 weeks, under specified site
conditions, Without requiring anyspecial maintenance procedures.

4.4.4 Inspgection and maintenance access

The packagg shall be designed for ease in servicing and to provide adequate clearances necessary to gerform all
maintenancg to be.done between hot gas path inspection. Special tools and procedures shall be stated in the
packager's groposal.

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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4.5 Rotating equipment requirements

4.51 Coupling and guards

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
fault conditions unless a shear-type coupling is provided.

of generator

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

Coupling-tfo-shaft connections shall be designed and manufactured so as to be capable of transmitt
least equal to the maximum continuous torque rating of the coupling.

Coupling |spacer length shall allow removal and replacement of bearings and seals without disturbi

equipment casings. Where this is impractical, the removal of components shall be-képt to a minini
driven eqliipment should not be disturbed.
When spegcified, the main load couplings shall conform to ISO 10441. The, coupling make, type a

arrangem
otherwise

ents shall be agreed by the purchaser and packager. A spacer-type coupling shall be pro
specified.

4.5.2 Ayxiliary gears

The gas {urbine driver may utilize auxiliary gears for starting @nd turning functions, lubrication pum
pumps, ahd bearing sump scavenging pumps. Main load gears may utilize auxiliary gearing for ma
lubrication pump drives and starting and turning functions.

Auxiliary gears shall comply with an agreed standard, and shall be rated for at least 110 % of the max
transmitted.

4.5.3 Lqgad gears

Unless otherwise specified, the load._gear design, testing and application shall comply with ISO 13
purchasel's specifications. Pertinentgear loading data shall be designated by the purchaser.

The minimum power ratings of. load gears shall be at least equal to the maximum power output of thd
per the purchaser's stated.ambient temperature range. If this results in an excessively large gea
packagerfand purchaser may'mutually agree on an actual gear rating or power limiting control device.

The minimum load shallalso be considered in the design of the load gear, taking into account critical
bearing sfability. The purchaser shall specify the minimum load.

4.5.4 Diivenequipment

ng power at

ng the main
um and the

nd mounting
ided unless

D, liquid fuel
in load train

imum power

591 and the

gas turbine
r rating, the

speeds and

4541 General

Typically the gas turbine driven equipment will comprise

a) axial compressors,

b) centrifugal compressors,
c) centrifugal pumps,

d) a.c. power generators,

or combinations thereof.

© ISO 2002 - 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
Composition shall be prn\/irlnrl hy purr‘hnenr

4.54.3 Cepntrifugal pumps

Unless othefwise specified, centrifugal pump design, testing and installation shall be in accordance with [5O 13709
and the purdhaser's specifications.

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

454.4 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
provisions agsociated with reciprocating compressors.

4.5.45 Generators

Generators |shall be designed according to the purchaser's requirements and specifications and [meet the
requirements of IEC 60034-1.

The generatpr rating, as well as the electrical hardware and instrumentation to be provided by the packager, shall
be specified|by the purchaser.

The packagpr shall provide equipment-astindicated on data sheets such as given in annex A, Tablg A.6. The
purchaser a]\d the packager shall agree on the scope of the supply and location of the required equipment.

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

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

4.5.5 MecTanicaI 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.

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).
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4.6 Other equipment requirements

4.6.1 Compartment enclosure(s)

When specified, suitable enclosure(s) shall be provided to meet the purchaser's acoustical, weatherproofing and/or
fire protection requirements. Enclosure(s) shall be designed to ensure that the package can meet the operation,
maintenance, service life and safety requirements.

4.6.2 Steam or water injection

When sp cified-the gas turbine shall be dneignnr‘l to pnrmif steam or water injnrtinn for either inr\rnncing the power

capability|of the unit or for emission control. The packager shall specify the required quality and(qyantity of the
injection fluid (see 5.2.8.5).

4.6.3 Oill reservoirs and housings

Oil reservoirs and housings that enclose moving lubricated parts (such as bearings;shaft seals, highly polished
parts, insfruments and control elements) shall be designed to minimize contamination“by moisture, dyst and other
foreign matter during periods of operation and idleness.

4.6.4 Meotor and electrical

Motors, electrical components, and electrical installations shall meét the requirements of the relejant parts of
IEC 60079. For the area hazard classification, the equipment supplied by the packager shall meet the requirements
of IEC 60079-10, or as specified by the purchaser.

4.6.5 Special tools and dynamics

When spgcial tools and fixtures are required by the purchaser to disassemble, assemble or maintain the package,
they shalll be included in the quotation and, when ‘specified, furnished as part of the initial supply of the package.
For multigle unit installations, the requirements for-quantities of special tools and fixtures shall be mufually agreed
upon by the purchaser and packager. These-orsimilar special tools shall be used during shop assembly and post-
test disassembly of the equipment.

When special tools are provided, they'shall be packaged in separate permanent tool boxes and marked "Special
tools for (fag/item number)". Each tool shall be stamped or metal tagged to indicate its intended use.

4.6.6 D1y low emissions combustion
When spégcified by the/purchaser the gas turbine shall be equipped with dry low emissions combustjon (DLE) to

control ND, and COfemissions. The packager shall demonstrate to the purchaser that his system|is free from
damaging rumbleacoustic and flashback phenomena.

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.

4.7 Vibrations and dynamics

471 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
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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
during assembly and maintenance. The sensitivity to unbalance excitation shall be addressed in the engine design.
Torsional excitations cause torsional vibrations. This is more difficult to measure. It shall be addressed in the
design phase of a shaft train because torsional vibration modes have generally low damping.

The packager shall ensure that each component meets the rotordynamic design requirements as an isolated,
singular component in accordance with the applicable component standards.

Rotating machinery can encounter very high vibrations when components are coupled by their shafts and
foundations even though they operate satisfactorily while uncoupled. A system analysis of the shaft train in the
design staggpermitscomrective actionsagai vibratiomr probie durinmg operatior:

The packagér shall ensure that the resonance frequencies of the complete power train (rotor lateral, syst¢m torsion
and blading|modes) are in the acceptable ranges. The combination shall be suitable for the specified|operating
speed rangd, including any starting speed hold-point requirements of the train. A list of all undesirable spgeds shall
be submittefl to the purchaser. This also shall be included in the technical manual and preferably $hould be
programmed into the control system in order to avoid the undesired speed ranges.

NOTE G

nerally the packager is responsible for the lateral and torsional vibration analysis of the entire system.
All shaft critical speeds, pertinent modes of exciting frequencies of the driver, ahd driven equipment throyghout the
startup and joperating speed range, and any external exciting forces, as_defined by the purchaser, shall provide
specified separation margins to prevent excitation of one by another.¢Allvthese modes shall provide ffor ample
frequency rgnges within which the supporting foundation's natural frequencies can be designed. This anglysis shall
be performef before the package installation design.

4.7.2 Lateral vibrations (critical speeds)

4.7.21 Geeneral

An analysis pf the lateral vibration characteristics ofithe system is recommended if the gas turbine is the|first of its
kind, or if its|load coupling is modified, or if rigid-couplings are employed, or if a bearing support has been modified.
Flexible couplings or slender intermediate shafts allow the lateral analysis to be carried out separately for the
individual components.

Lateral vibrgtions shall be measured(and monitored during operation. The required type and number of vibration
pick-ups fo a rotor train dependyon the type of machine support. Therefore the relative shaft| vibration
measurement or the bearing vibration measurement can be selected according to specific machine|structural
characteristics, as follows.
a) Stiff support
If the dynamic support stiffness is significantly higher than the dynamic stiffness of the oil film, the relative shaft
vibratiop 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.

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
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measurements from the same or a similar machine. A high modal sensitivity according to this method (designated

with rang

shifti

e D or E) is a warning, indicating that at least one of the following actions is recommended:

ng either the exciting frequency or the critical speed;

increasing the damping;

any part of the shaft train.

NOTE 1

Aeroderivative type combustion gas turbines generally use antifriction ball and roller type bearings.

performing a stress response analysis demonstrating that the resonance in question has no adverse effect on

Rotordynamic

response f

NOTE 2

the eigenfr
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cases mu

hnctions and assoclated amplitude tactors will be different from those of hydrodynamic bearing design g

In shaft trains with gears, the interaction of close torsional and lateral critical speeds can cause sligh
bquencies calculated with uncoupled models.

Measurements

General

measurements may be taken either on rotating or stationary elements. The packager shall dg
on of vibration measurements most suitable for the equipment. Levels of vibration for a
protective interventions shall be indicated by the packager and programmed in the control sy

flactory test or commissioning of the assembled gas generator/gas turbine the vibration level (
acturer's standard sensor locations, shaft or casing vibration) shall be measured. It shall no
) of the manufacturer's alarm set point value at any steady-state speed within the specifi
ge. This limit may be based on filtered or unfiltered data.

]
N

e requirements of the International Standards cited in 4.7.2.2.2 to 4.7.2.2.4, it is recommg
outside the specified operating speed range, up to and including the trip speed of the rotor,
not exceed 200 % of the maximum value allowed at the maximum continuous speed.

E

The design details, including mass and’stiffness distribution as well as accessibility of the parts, deter
ocations for vibration measurement.

Relative shaft displacement vibrations

rements of 1ISO 79491, 1SO 7919-2 and I1SO 7919-4 apply. ISO 7919-1 provides general d
lacement vibrationS in power trains. 1ISO 7919-2 applies to steam turbines and large gene
agreed, the assessment of vibration levels of gas turbine driven generators shall be based on

4 gives.applicable measurements and evaluation criteria for relative shaft vibrations for

mall or aero-derivative gas turbines). If not otherwise agreed, the assessment of vibration |
hallkbe based on ISO 7919-4. However, 1ISO 7919-4 does not cover all types of gas turbin
uabagreement shall be sought between the purchaser and packager.

s turbines.

deviations of

fine the type
arm and for
stem.

measured at
exceed two
bd operating

nded that at
the vibration

Mine the most

uidelines for
rators. If not
ISO 7919-2.

gas turbines
evels of gas
es. In these

Beyond the requirements of the relevant part of 1SO 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 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 In order to derive the effective vibration amplitudes, this runout can be vectorially subtracted from the measured
vibration values.

NOTE 2  If the runout requirement according to ISO 7919-1 cannot be kept, the cause may be a mechanical shape deviation
of the rotor or residual magnetism.
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4.7.2.2.3 Bearing housing vibrations

The requirements of ISO 10816-1, ISO 10816-2 and I1SO 10816-4 shall apply. ISO 10816-1 establishes a basis for
the evaluation of mechanical vibration of machines by measuring the vibration response of 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, if not
otherwise agreed.

ISO 10816-4 applies to bearing housing vibration measurements on gas turbines. If not otherwise agreed, the
assessment of vibration levels of gas turbines shall be based on ISO 10816-4.

In any case| where the above Internation Standards do not cover the shaft train in question completely, mutual
agreement ghall be sought between the purchaser and packager.

On gas turpines where case-mounted (seismic) vibration systems are used, or whichhare not cgvered by
ISO 10816-4, the manufacturer shall provide the purchaser with the acceptable vibration.dimits, taking account of
the following:

a) locationg and types of transducers;

b) filtration)and signal conditioning;

c) operatirlg conditions;

d) quoted limits;

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

4.7.2.2.4 Absolute shaft displacement vibrations

The ISO 7919 series treats absolute shaft displaeement 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 packagsr.

4.7.2.3 Bplancing

Balancing the finally assembled Totors reduces the unbalance excitation. The main machine rotors shall be multi-
plane dynamically balanced-inZthe machine or in a special spin pit. In the case of several machines compined into
one train, an extra balancing-after the addition of no more than two major components is recommended. Balancing
correction nasses shallienly be applied to the components added. Minor correction of other componenis may be
required durng the fifal 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.

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.
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4.7.3 Torsional vibrations

4731 General

The packager shall carry out an analysis of the torsional vibration characteristics of the complete system. A
minimum separation margin of 10 % is recommended between each torsional eigenfrequency and any possible
torsional excitation frequency. If this cannot be fulfilled, a torsional response calculation shall be performed. For all
generator drives a response calculation for excitation by mal-synchronisation and by short-circuit shall be done.

The torsional response calculations shall demonstrate that all stress responses remain in safe limits.

apply an appropriate internal standard.

This subc
The pack
singular ¢

Rotating 1
even tho
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The pack
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!

bger shall ensure that each component meets the rotor :\dynamics design requirements as
bmponent in accordance with the applicable component$tandards.

hachinery can encounter severe vibrations when components are coupled by their shafts and
roblems during normal and transient operating.conditions in the design stage.
is of the lateral vibration characteristics is recommended in circumstances when the gas t

kind, or when its load coupling is madified, or when rigid couplings are employed. Flexible co

pger shall carry out an analysis of the torsional vibration characteristics of the complete
drives, torsional response._calculations shall be performed for mal-synchronization and

hger shall ensure that’the critical speeds of the complete power train (rotor lateral, system f
odes) are compatible, and that the combination is suitable for the specified operating s
any starting speed detent (hold-point) requirements of the train. A list of all undesirable spee
all be submitted to the purchaser for review, included in the technical manual for gu
ed into the’/control system to avoid these critical speeds (see 6.2).

pgersshall be responsible for the lateral and torsional critical speed analysis of the entir

system. /

NOTE Torsional excitation sources can include, but are not limited to, the following.

— For trpins with generators or electric motors, one and two times the rotation speed should be considered as excitation
frequgncies. If electronic frequency converters are used, other integer multiples of the speed can excite tofsional modes
too.

— Gear pnbalance or pitch line runout.

— Hydrgulic governor control-loop resonance.

For genetator disturbance response calculations, no widely accepted standard is available. The packager shall

ause is concerned with the rotor dynamics of the gas turbin€ as’well as the associated drivef equipment.

an isolated,

foundations

gh they operate satisfactorily while uncoupledy’A system analysis permits corrective actions against

Urbine is the
Iiplings allow

system. For
short-circuit

orsional and
peed range,
s from zero
idance, and

b equipment

Ml -shaft critical speeds, pertinent modes of exciting frequencies of the driver and drive

N equipment

throughout the start-up and operating speed range, and any external exciting forces, as defined by the purchaser,
shall provide specified separation margins to prevent excitation of one by another, and shall provide for an ample
range of frequencies within which the supporting foundation's natural frequencies may be designed. This analysis
shall be performed in time to permit coordination of the package installation design.

4.7.3.2 Forbidden speed ranges

Gas turbine rotors or discs and blades can be stimulated, by the various period forces inherent within the gas
turbine, to vibrate in resonance. This can lead to component fatigue failures if the resulting stresses are damaging.
Damaging resonance shall be avoided in the normal speed range. However it is not always possible to avoid
damaging resonance outside the normal speed range. It is essential therefore that gas turbines do not dwell at
these speeds. The packager should as a consequence have configured the start schedule to accelerate the gas
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turbine rapidly through any such "forbidden speeds". Because of the uncertainty surrounding determination of the
magnitude of the precise natural frequencies, due to manufacturing tolerances and operational factors, a margin
either side of the predicted resonance is usually provided leading to a "forbidden speed range".

4733 C

4.7.3.31

ritical speeds

Lateral critical speeds

An unbalanced damped rotor response analysis shall be presented?), when specified by the purchaser. The
analysis shall be made in accordance with ISO 10814, assuming machine Type Il width modal sensitivity ranges as

in Figure 2
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5 Packaging and auxiliary equipment

5.1 Basig

If the agnplification factor (damping ratio 0,2) is less than 2,5, the response is considered’sufficient!

bd otherwise, the following acceptance criteria shall apply.

Eeparation margin between the operating speed range and the critical speeds isyrequired.

mplification factor is 2,5 to 4 (damping ratio 0,125 to 0,20), a separation. margin of 10 % (
e maximum continuous speed and 5 % (7, = 1,05) below the minimum-operating speed is re

mplification factor is greater than 4 (damping ratio less than 0,125), a separation margi

B7) above the maximum continuous speed and {126 — 6/(Q,, —.3)— 100} below the minimum
required.

pve-specified margins of separation are intended to prevent the overlapping of the critical

es into the operating speed range. The margins of separation shall prevent any actual overlaf

e analysis.

broderivative-type combustion gas turbines génerally use antifriction ball and roller type bearings. Rof]
tions and associated amplitude factors will-be- different from those of hydrodynamic bearing design gas

Torsional critical speeds
ances are calculated to fall within the margins specified above and the purchaser and the

that all efforts to remove-the critical from within the limiting frequency range have been exh
5is shall be performed_fo demonstrate that the resonances have no adverse effect on the

design

y damped
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quired.

n of 15%

operating
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unbalance response test shall be made in aecordance with ISO 10814 to verify the yinbalance

pr dynamic
turbines.

packager
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complete

5.11

Basic scope of supply

The packager shall provide, as a minimum, the equipment listed below (referred to herein as a package) packaged
to meet the specified operating conditions. This equipment shall be assembled (packaged) to the maximum extent
practical. Exceptions should be mutually agreed between the packager and the purchaser:

a) baseplate(s);

b) combustion gas turbine or gas generator;

2) This would normally only be requested for prototype or significantly modified designs.
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c) controls and instrumentation;

d) coupl

ings and guards;

e) exhaust collector and/or diffuser;

f)  fuel system(s);

g) lube oil system(s);

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

i) starti
j) gast
k) vibra
I)  contr

Ng system;
Irbine washing or cleaning system;
ion monitoring system;

Dl panel;

m) inlet ]iucting;
i

n) inlet
0) inlets
p) comh

q) prote

It is recog

Itration system;
ilencer;

ustion system;
ction systems.

hized that for some package designs somé. of the above-listed items will be shipped separate)

5.1.2 Optional equipment

Any other

equipment required shall be.specified by the purchaser and shall be included in the packag

supply. Slich equipment may include(

br's scope of

a) combMustion emission contrél system;

b) driven equipment in accordance with applicable specifications;

c) enclosure(s) for aeoustical, weather, and/or fire protection;

d) exhayst system (including expansion joints, silencers, structures);
e) fuel gonditioning;

f) inlet evaporative air cooler or absorption chiller cooler combination;

g) inlet anti-icing system;

h) lifting

i) lifting

equipment for maintenance;

equipment for shipping and handling;

j)  motor control center;

k) recuperator or regenerator for gas turbine performance enhancement;
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[) starting system auxiliaries;

m) Steam or water injection fluid conditioning system;

n) Gas turbine load train condition monitoring equipment;

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

p) Waste heat recovery systems and associated dampers;

gq) Foundation anchor bolt;

r) barring pquipment.

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

The arrang
areas and safe access for operation and maintenance.

ent of the package, including piping, coolers, pumps and controls shall provide adequate

5.1.3 Matdrials of package construction

5.1.31

Gleneral

Materials used of package construction shall be the manufacturer's.standard for the specific site ope
environmen

systems to

a) corrosig
b) stressc
c) galvaniq
d) brittle fr
Materials fo

international

Materials sh

Structure stq

Minor parts
resistance a

5.1.3.2

N

| conditions. Specific attention shall be given to the. choice of materials and protectiv
revent

n,

prrosion cracking,
corrosion, and
bcture.

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

Bl be identified in the-proposal.
el and pipingshall be identified in the proposal.

that are’not identified (such as nuts, springs, washers, gaskets and keys) shall have
least-equal to that of specified parts in the same environment.

clearance

ating and
e coating

adequate

corrosion

ealli torial

Non-metallic materials, such as elastomers, shall be compatible with the process or motive fluids with which they
come into contact during normal operation or maintenance functions.

5.1.4 Welding

Welding of pressure-containing parts, as well as any dissimilar-metal welds and weld repairs, shall be performed
and inspected by operators and procedures qualified in accordance with Section VIII, Division 1, and Section IX of
the ASME Boiler and Pressure Vessel Code, or relevant international or national standards given in annex B.

Welding of piping shall be in accordance with ANSI B 31.3, or relevant international or national standards given in

annex B.
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Welding on baseplates, non-pressure ducting, lagging and control panels, shall be performed in accordance with
AWS D1.1, or relevant international or national standards given in annex B.

The packager shall be responsible for the review of all repairs and repair welds to ensure that they are properly
heat treated and non-destructively examined for soundness and compliance with the applicable qualified
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 .th
forces anfd moments that these connections will tolerate. The acceptable loading for connections 't
equipment, such as compressors, pumps or steam turbines, shall not be less than that specified in

b acceptable
b connected
the relevant

standardd for these items.

5.1.6 Bolting

The qualit
defined b

y of bolting for pressure joints including piping shall be determined from-the actual bolting ter]
ANSI B 3.1, or relevant international or national standards given in angex B.

nperature as

Nuts shal se-hardened

for A-307

conform to ASTM A-194, Grade 2 or 2H, for A-194 bolting, and ASTM A-307, Grade B ca
bolting, or relevant international or national standards given inannex B.

5.1.7 Nameplates

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

point on the

chine's serial
m allowable
bble working

The name
number, 4§
design lin
pressures

plate shall, as a minimum, include the purehaser's item number, the vendor's name, the ma
nd the machine size and type. Additionaltinformation may include the minimum and maximd
its and rating data (including pressures; temperatures, speeds and power), maximum allow
and temperatures, hydrostatic test pressures and critical speeds. Sl units shall be used.

Rotation
equipme

rrows shall be of corrosion-resistant material and cast in or attached to each major item of the rotating

5.2 Auxiliary equipment

5.2.1 Stprting systems

The packager shall furnish the type of starter system specified by the purchaser. Typical starters
motors, gas expansion turbines, steam turbines, hydraulic motors, internal combustion engines, air
small gas| turbines and generators in the motor mode. All starter units shall be suitable for satisfactd

are electric
gas motors,
ry operation

with the dpecified electrical power characteristics, inlet and exhaust steam pressure and temperatun

e, air/gas or

fuel.

If the plant is designed for contracted black start capability, it should contain its own power source for start:
batteries, diesel 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 machines) from standstill to self-sustaining
speed throughout the specified ambient temperature range. Utilities required for the starting system shall be
defined by the packager in his proposal.
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For single-shaft gas turbines, anticipated process variations which can affect the sizing of the starter (such 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 turbines for mechanical drive applications, the packager shall
prepare a speed torque curve for the gas turbine and driven equipment with the starting driver torque
superimposed. Steam turbines used as starting devices shall be general-purpose turbines in accordance with
ISO 10436. Gas expansion starters using flammable gas as motive power shall be designed 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 dw-mmmmWWs fallen to
the minimunp level mutually agreed between the packager and purchaser.

5.2.2 Moupting systems

5.221 General

The package support base shall be of structural steel design and shall be of sufficient strength for shigment 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 Anhchoring systems

When a basgplate is installed directly on a concrete foundation, accessibility shall be provided for grouting under all
load-carrying structural members. Single-level foundation for the baseplate shall be used.

Mounting suffaces that are not to be grouted shall be coated.with a rust preventive immediately after machining.

The packag
fastening the

package to the foundation.

er shall specify the size, number and location of anchor bolts required for the specified method of

5.2.2.3 Bpseplate design

A baseplate|shall preferably be a single-fabricated steel unit, unless the purchaser and packager mutuglly agree
that it may b fabricated in multiple sectjons.

When specified, the baseplate shall' be provided with levelling pads or targets protected with removabje covers.
The pads of targets shall besaccessible for field levelling after installation, with the equipment mounted and the
baseplate on the foundation?

When specified, the baseplate shall be suitable for column mounting, with sufficient rigidity to be supported at
specified pojnts, withodt continuous grouting under structural members. The baseplate design shall bg¢ mutually
agreed upor] by the~purchaser and packager.

The basepkh:\ shall be prr\\nrlnrl with-attachment nruni-o fnr atleasta fnnr pnunl- ||F+ If ||fhng |||ne are-t ed weld

joints shall be full-penetration, full-length contmuous welds, and non-destructively tested. Llftlng the baseplate
complete with mounted equipment shall not permanently distort or otherwise damage the baseplate or the
machinery mounted on it. The purchaser and packager shall mutually agree on lifting arrangements based upon
available facilities at the purchaser's site or other limiting factors.

When specified, non-skid decking or grating covering all walk and work areas shall be provided on the top of the
baseplate. All deckplates shall be positively attached to each crossing structural member.

Baseplate shall be furnished with vertical jackscrews, where practical, adjacent to each anchor bolt. Otherwise,
means shall be provided to raise the baseplate readily to facilitate alignment in situ.

Baseplate(s) shall be provided with drip containment and low point drains.
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Equipment mounting

Provisions for axial, lateral and vertical jackscrews alignment shall be provided for the package train. Where

jackscrew:

s are used, they shall be arranged to prevent marring of shimming surfaces.

The packager shall furnish suitable shim packs under all machinery mounting feet.

5.2.3 Enclosure and fire protection

5.2.3.1

General

When spe
a) aner
b) anen
c) afire
5.2.3.2

Enclosursg

Water and/or dust leakage through the enclosure wall and roof seams(is ‘unacceptable. Panels shall be

minimize
combustik

Enclosursg

If necess

maintenapce. The construction of maintenance accessways shall permit easy return to the origin

Caulking

Access d
around th

Condauits,
other pan

When sp
opposite
panes.

If specifie

Lube oil f

cified, an enclosure system shall be supplied consisting of the following:
closure surrounding the gas turbine and/or driven equipment;
closure ventilation and purging system:;

protection system.

Construction
s shall be resistant to the ingress of dust, and outdoor enclosures shall be additionally w

internal moisture build-up and corrosion of the panel. Panel materials shall be non-hydro
le, and insect and vermin resistant.

s shall be designed to permit easy on-site maintenance.
ary, removable roof sections, side panels\'or hinged bulkhead walls shall be provide
s not acceptable.

pors and/or manways shall be provided for routine maintenance and inspection. Seals s
e perimeter of the accessway. Accessways shall be lockable.

fire-prevention systems, gas' detection, etc., shall not be attached to the underside of the
bls that must be removed for maintenance or are to be equipped with quick connection coupli

cified, windows shall"be provided, preferably located in access doors on either side of th
ach other. Eachhwindow shall be double pane, of wire-reinforced glass, with a dead air sp
1, lighting.for general observation shall be provided within the enclosure.

lling“points used during operation shall be outside the engine enclosure or remote from hot

eatherproof.
designed to
5COpic, non-

d for heavy

al condition.

nall be used

roof or any

ngs.

e enclosure,
hce between

parts of the

engine.

5.2.3.3

Fire and gas protection

Fire and gas protection systems shall be furnished when an enclosure is specified, unless specifically deleted from
the packager's scope of supply by the purchaser. The system shall consist of the following as a minimum:

a) afire
b) afire
c)

©1S0 2002

suppression system;

detection system,;

a gas detection system for:
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1)
2)
3)

5.2.3.4

gas fuelled units,
when the driven machine handles flammable gas,

when operating in a hazardous area (see 6.4.4, 6.10.7 and 6.10.8).

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 ventilati

The purge a
the enclosur|

Furthermorg
sufficient dil
ventilation s

The purchag
pressure is f

The ventilati
Ventilation s
Overcooling

Ventilation 3
with a fire-s

bn shall be sufficient to avoid heat damage to the equipment within the enclosure.

r shall be distributed to ensure it sweeps around all areas of the gas turbine and ¢hrough a
e in sufficient quantity to avoid dead spots where gases could accumulate in explasive conce

, in cases of fuel gases heavier than air and/or gas mixtures with low autoignition ten
ution and scavenging of the lower portion of the enclosure shall bel provided. The abi
stem to fulfil these requirements shall be demonstrated.

er shall specify on the data sheets system redundancy requiremients and whether positive o
equired.

bn system shall include air filtration and silencing equipmentif required.
ystems shall be designed to operate satisfactorily averthe ambient temperature range specifi
under low ambient temperatures shall be avoided.

nd purging flow shall leave the enclosure'\via a flanged exhaust port(s). Each port shall be
uppression medium damper and, where specified, with a back-draft damper. The purch

specify if adglitional ventilation ducting is required.

If cool-down
within the en

ventilation is required to prevent damage to the gas turbine, auxiliary systems, or instru
closure, a separate back-up fan shall be provided.

5.2.4 Airinlet system

eneral
system typically consists of the following:

r (either'single or multi-stage);

| areas of
htrations.

hperature,

ity of the

I negative

equipped
pser shall

mentation

5241 G
The air inlet
a) inlet filtg
b) silencer
c) ducting;
d)
e)
f)

expansion joints (as required);
pressure drop test connections at the gas turbine inlet;

instrumentation and protection devices;

Optional features, when specified, may include the following:

g) anti-icing system;
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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;

I) absorption chillers;

m) weather louvres;

n) facilit
o) high
p) bypa

Unless ot

y to service filter replacements, i.e. lifting into position and removal;
pfficiency vane separator upstream of the air filters to prevent water ingress;
5s door which opens after reaching a specified pressure drop.

herwise specified, the inlet system shall be designed for a maximum total\pressure drop of

clean air fjlter and a maximum at-site air flow.

Unless ot
stage filte

Bolts, rivd
inlet systg

Unless ot
turbine in
mutually §
plates, va

When spe

herwise specified, provision shall be made to permit the maintenanee and cleaning of prefilt
's during operation of the gas turbine.

ts or other connectors that can become loose and be cartied in the air stream shall not bsg
m downstream of the final filter media.

nerwise specified, reinforced coarse mesh (stainless-steel screen) shall be provided upstrea
et to minimize the potential of foreign object damage (FOD screens). The actual locat

1 kPa with a

ers on multi-

used in the

m of the gas
on shall be

greed upon by both the packager and purchaser, considering such facilities as cleaning systems, access

hed elbows and aerodynamic disturbance, at the intake volute or the bellmouth.

cified, all metallic air path components-shall be stainless steel.

When carfbon steel air path components are provided, corrosion protection of the filter, ducting an

required.
packager

An indica

Protective material or coatingand details of the surface preparation proposed shall be subrn
for approval with proposat:

ion of the life of theZstirface coating should be provided by the packager. Grades of stainl¢

are sensifjzed by welding should be avoided.

The purch
shall prov|

To minim

aser shall specify whether the filter house is to be at grade level or elevated. If elevated, {
de all stryuctlral support to grade.

e thedngress of airborne dust, it is recommended that the air intake be not less than 5 m ab

d silencer is
hitted by the

ss steel that

he packager

bve grade or

any adjac

ent-large flat surface such as a roof.

5.24.2

Inlet filters

Filter systems shall be of a design well proven for the environmental conditions specified on the data sheets. The
purchaser and the packager shall agree on the type of inlet filtration system. If single-stage filtration only is
specified, the purchaser may specify if provisions are to be made for the future addition of extra stages. Debris

screens a

nd weather louvres shall not be considered stages.

The packager shall provide in his proposal the filter system performance data as required on the data sheets (see
Table A.3).

© 1S0O 2002
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Unless otherwise specified, a high efficiency mist eliminator shall be furnished as the first stage for marine
environments. Metallic filter or non-absorbent type filter elements such as glass or polypropylene fibre shall be
provided.

All filter systems require the following design features.

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

b) All supporting structural steel shall be of bolted and welded design.

c) Modular construction with each module shall be fully factory assembled, wired and plumbed. Each module
shall hgve Tifting provistons to be used for loading and unioading and for Hifting mto the final_gssembled
position

d) All seaps and joints on the clean air side of each filter system shall be airtight. All welded'Seamp shall be
continugusly seal welded.

5.2.4.3 Inlet silencers

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

pll preferably be flanged and sufficiently rigid to be supported only by the end flanges when mounted in
pr vertical duct system.

Silencers sh
a horizontal

The construgtion 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@coustical or mechanical resonances.
Lifting provigions shall be incorporated on the silencer for handling.

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

5.24.4 Inlet ducting

The duct sy
changes in
trailing edge]
and shall be

For transitio

stem shall be arranged to giverthe minimum number of bends. Turning vanes shall be p
lirection when required to.ensure uniform flow distribution at the gas turbine flange. The le
of each vane shall be tapered and smooth. Vanes shall be attached to the duct by a contin
designed to avoid resonance conditions.

h sections between’ duct components of different cross-sectional areas, the angle between

fovided at
ading and
lous weld

the sides

and the axis|of the duct should be minimal to reduce pressure drop. In general, the angle should not excegd 15°.

The ducts s
supports shall be designed to remain stationary when sections near the gas turbine are removed to provi
for unit maintenance. Ducts shall be sufficiently rigid to avoid vibration.

all be supported to allow lateral as well as axial growth due to temperature changes. The dlicting and
He access

Where not restricted by size, access shall be provided in each duct adjacent to the gas turbine inlet flange to allow
final cleaning and inspection of the entire duct system before operation. Covers, if required, shall be designed to
permit their removal at any time without risk of fasteners or other objects being ingested by the gas turbine. They
shall be gasketed and secured to ensure positive leakproof closure.

Gastight expansion joints shall be provided to remove all loads between the ducting and gas turbine inlet flanges.
These joints shall accommodate the relative movement of the ducting, regenerator (if any) and gas turbine in the
vertical and horizontal directions.
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5.24.5 Evaporative cooling system

Evaporative cooling can be used to reduce the ambient temperature as perceived by the gas turbine, thereby
giving extra output. Evaporative cooling systems may be based on either a rigid media or a compressor spray. The
rigid-media type shall consist of the cooling media, pump, sump, drains and all necessary controls for water
circulation and cooler control. The compressor spray shall consist of high-pressure pumps and a control system.

Evaporative cooler performance shall be based on the maximum possible airflow and the most severe site
environmental conditions. The cooler system shall be designed to prevent liquid carryover. The cooler percent
efficiency, E, as stated on the data sheet, is defined as:

=1
E=49""€x100 (1)
1d 7w
where
T, i the cooler exit temperature;

T4 ip the dry bulb inlet temperature;
T,, is the wet bulb inlet temperature.

A corrosign-resistant inertial mist eliminator or coalescing element shall be provided in the ducting, downstream of
the evapdrative cooler. The mist eliminator or coalescer shall be selected to minimize moisture carrygver from the
inlet air stfeam.

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

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

The evaporative cooler, mist eliminator or coalescer, and exit ducting shall be designed for complete dfainage. The
bottom of|each shall slope towards a flush drain. Protrusions or standpipes at the drain nozzles are npt permitted.
Each drajn nozzle shall be arranged\to prevent unfiltered air from being drawn into the ducting.| Emergency
overflow gapability is required in addition to the primary drain system.

When spgcified, walkways, handrails, access ladders and manways shall be provided to service both upstream and
downstream of the evaporative cooler media, mist eliminator or coalescer, and ducting downstream of {he cooler.

The packpager shall specify the quality and quantity of the evaporative cooler water that is necessary| to minimize
cooler angl water system operating problems.

If the gas|turbine drives a generator, the packager should ensure that the generator and other electrical equipment
can cope with the extra electrical output without overheating.

5.24.6 Absorption chillers

Under certain ambient conditions (high ambient temperature and high humidity) it may be desirable for the
purchaser to consider the use of an absorption chiller to artificially reduce the ambient temperature as perceived by
the gas turbine. This may be used instead of an evaporative cooling system which is generally used when ambient
temperature is high and humidity is low.

When specified, the vendor shall furnish an integrated packaged system in such way as to keep installation and
commissioning time to an absolute minimum.
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The purchaser shall specify the preferred source of heat for the absorption chiller (i.e. steam, hot water or gas fired)
and the available temperatures and pressures thereof. Absorption chillers are available as single- or double-effect
refrigerant machines.

Due consideration shall be given to the chilled coil arrangement and design within the gas turbine air inlet system
to maintain pressure loss at the minimum possible level.

For coastal locations, the material of the chilling coils should be marine grade to avoid corrosion problems. All inlet
duct work downstream of the cooling coils should be of suitable corrosion-resistant material.

If the chilling coils need to be drained in the winter, then coils should be of suitable corrosion-resistant material.

The absorpt
The scope g
chilling coils
system) and

The purchag

Sufficient fle
load. The ch

Controls, ins
included ang

Features sh
to operate th
gas turbine i
Refrigerants
All utility req

The unit sha

If the gas tu

5247 W

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

f supply for the system shall include the absorption chiller package, including evaporatofrs, co
transfer pumps, instruments and associated control panels (interfacing with the-gas turbi

auxiliaries.

er shall indicate or specify if the waste heat (hot water) is required for otherpurposes.

Xibility shall be accommodated in the system design to facilitate opération at conditions othg
lling capacity must therefore be variable and controllable.

trumentation and equipment necessary for both the modulation*and safe operation of the pla
integrated into the gas turbine control system.

bll be incorporated in the design to support a philosophy of minimum maintenance. It shall b
e gas turbine in the event that the chiller is rendered inoperative and to maintain the chiller
5 in operation.

used shall conform with the environmentalrequirements.

Lirements, quality and quantity, shall:be defined by the packager, i.e. a.c. power, water treatm

| be tested to the manufacturer's standard prior to dispatch to ensure satisfactory operation o

ater wash system

When speciffied, the packager shall provide a water wash system for off-line compressor washing of the g
compressor [section. The'packager shall provide fluid quality and quantity and utility requirements with the]

Flow isolati
drainage an

bell mouth afea-jnspection.

drains-shall be provided at suitable locations within the gas turbine with facilities for collec
itssubsequent removal. The packager shall provide access to the inlet plenum for comprg

ndensers,

he control

r than full

ht shall be

b possible

when the

ent, etc.

f the unit.

bine drives a generator, the-packager should ensure that the generator and other electrical ¢quipment
can cope with the extra electrical output without overheating.

as turbine
proposal.
lion of the
pssor inlet

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

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

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

5.24.8

Anti-icing system

When site ambient temperatures are below 5 °C, the purchaser and packager shall agree on the need and type of
automatic anti-icing system. This may be either at the front face of the filter or downstream of the filter stage(s). The
effect on package performance shall be identified and quantified.
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The system selected may rely upon heating of the inlet combustion air or use of air-activated pulse-type filters.

The packager may recommend the fitting and control of compressor air intake anti-icing to prevent ice build-up on
the intake bell mouth and first-stage blading (see 6.10.3).

5.2.5 Exhaust system

When specified by the purchaser, a complete exhaust system shall be furnished consisting typically of the
following:

a) turbine-to-exhaust duct expansion joint;

b) exhauyst silencer;

c) exhagst ducting;

d) exhayst system structural supports;
e) exhagst drains;

f) stackl
The purchaser shall specify special design considerations, such as:

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

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

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

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

For regenerative cycle gas turbines, the \packager shall supply and prefit the regenerator, the necessary air piping
and exhapst ducting between the gas)turbine and regenerator, including all required expansion joinfs, supports,

structureq and necessary insulation and controls.

The basi¢ material for constrlction of the exhaust system shall be selected with suitable tempegrature- and
corrosion{resistant material;taking into account the turbine operating cycle and site operating condition.

Components of the exhaust system shall be connected for ease of installation and maintenance. All [components
shall be fyrnished.with' suitable provisions for lifting.

Acoustic and/aorthermal insulation, whether externally or internally applied, shall be suitably captured fo prevent its
deterioratTon over time when subjected to a normal exhaust system environment.

The exhaust joints shall be constructed of metal or reinforced high-temperature fabric. Expansion joints shall be
designed to prevent undue flutter, joint deterioration or pressure drop. The fabric shall be replaceable without
removal of major components.

Where not restricted by size, access shall be provided in the exhaust system to allow for cleaning and inspection of
the exhaust system.

If required, structural supports shall be furnished for the portion of the exhaust system provided by the packager.
These supports shall be designed to allow for thermal growth and to reduce duct loads at the gas turbine flanges to
within the manufacturer's specified limits. The ducting and supports shall be designed to remain stationary when
duct sections near the gas turbine are removed to provide access for gas turbine maintenance.
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5.2.6 Piping

5.2.6.1 General

The packager shall furnish all piping systems, including mounted appurtenances, located within the confines of the
main unit's base area, any oil console base area, or any auxiliary base area. The piping shall terminate with
connections at the edge of the base. Unless otherwise specified, the purchaser shall furnish only interconnecting
piping between equipment groupings and off-base facilities.

The design of piping systems shall achieve the following:

a) proper gupport and protection to prevent damage from vibration or from shipment, operation and maiptenance;

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

c) installatjon ir_1 a neat and orderly arrangement adapted to the contours of the machine”without gbstructing
access ppenings;

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

e) complete drainage through low points without disassembly of piping.

Piping systems furnished by the packager shall be fabricated, installed in the)shop, and properly supportefd.

Welding shdll be performed by operators in accordance with procedures' specified in Section IX of the ASME Boiler

and Pressurg Vessel Code, or relevant international or national standards given in annex B.

5.2.6.2 Qjl piping

Gravity oil r¢turn piping shall be sized to run no more than half full when flowing and shall be arranged|to ensure

good draina
the reservoir
angle in the

Pressure pif
otherwise sp

5.2.6.3 In

The packagér shall supply al"n€cessary piping, valves and fittings for instruments and instrument panels.

Separate sq
connection.
according to

je (recognizing the possibility of foaming“conditions). Horizontal runs shall slope continuous
. If possible, not more than one lateralin any transverse plane should enter the drain header
direction of flow.

ing downstream of oil filters shall be free from internal obstructions that could accumulate d
ecified, the material for all piping downstream of the ail filter shall be stainless steel.

strument piping and'tubing

condary bleck and bleed-type isolating valves are required for each instrument on a
Where_a\pressure gauge is to be used for testing pressure alarm or shutdown switches, cd
natiohal or purchaser's safety regulations are required for the pressure gauge and switches.

Unless othe

y towards
s at a 45°

rt. Unless

common
nnections

5.2.6.4

haise Qpnr‘ifind, control-air and instrument hlhing shall he of stainless steel

Steam or water injection piping system

Unless otherwise specified, piping, fittings, valves and tubing materials for steam/water injection into combustion
systems shall be of stainless steel.

5.2.6.5

Process piping

The extent of the process piping to be supplied by the packager shall be specified by the purchaser.

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

5.2.7 Oi

| systems

Unless otherwise specified, the oil system required for the drive train components (gas turbine, main load drive
gear and driven equipment) shall preferably be integrated into the gas turbine and/or driven equipment package.
When any international or national standard is applied, the extent of compliance shall be mutually agreed upon

between t

The oil s

he purchaser and packager.

dedicated
mineral oi

A minera

approval ¢f the purchaser.

and lists @

The packager shall provide a complete description of the oil systems in the proposal, including schemg
f materials.
herwise specified, a pressurized oil system(s) shall be furnished tatsupply oil at a suitable|

Unless ot
pressures

a) theb
b) thec
c) theg
d) thes
e) theh

Where oi

turbine), the characteristics of the oil shall ‘be specified on the data sheets by the packager. The pg

ensure th

to an aeroderivative gas turbine or any other component which uses a synthetic lubricant~S
systems, including vents and drains, shall be segregated.

oil based system may be used to supply the compressor sealing requirements -(if app

, as applicable, to the following:
parings of the driver and of the driven equipment (including any gear);
bntinuously lubricated couplings;
pverning and control-oil system;
pal-oil system;
ydraulic oil system for hydraulic starter(s)-when required.
is supplied from a common system to two or more machines (such as a compressor, a
bt the specified oil meets therequirements of the different machines.

usual lubricant empleyed in a common oil system is a hydrocarbon oil, the oil shall corres
rade 32, 46 or 68, ds specified in ISO 3448.

ubrication systems shall typically consist of the following:
ply and rétyrn system;

coaler (when required);

ystem may be a single common system or two separate systems. One of the two systems may be

ynthetic and

licable) with

tic diagrams

pressure or

gear and a
ckager shall

pond to ISO

When the
viscosity ¢
Pressure
a) asup
b) anoi
c) afull
d) alow
e) steel

flow (nominar) filer,
lube-oil pressure shutdown;

oil-containing pressure components;

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

g) standby (spare) pumps;

h) a prelube/postlube/cool-down lubrication system when required;
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i) alubrication system capable of safe coast down in the event of loss of a.c. current;

j) 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 upaon 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 pgriod of time.

The purchader 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.

The contam|nants likely to be found in fuels depend on the kind of fuel involved, such as pipeline natural gas and
producer gag. Some of the contaminants that are likely to be found include:

a) water and gas hydrates;

b) sand, irpn oxides and other solids;

c) naphthglene;

d) hydroggn sulfide, sulfur dioxide, sulfur trioxide and total sulfur;
e) alkali mgtals;

f)  chlorides, carbon monoxide and carbon dioxide.
Concentratigns of hydrogen sulfide, sulfur dioxide, sulfur trioxide, total sulfur, alkali metals, chloridgs, carbon
monoxide ahd carbon dioxide are corrosive agents that will cause elevated temperature corrosion pf turbine
nozzles and|blading materials and(ambient temperature corrosion of fuel control valves and systems.
The total sulfur content shall-be considered and the temperatures at any point in the exhaust systenp must be

above the acid dewpoint(approximately 150 °C) in order to prevent the formation of sulfurous and suffuric acid
which will adcelerate cofresion and reduce component life.

The ignition| system.shall include an ignition transformer and igniter plugs. Ignition shall be automatically de-
energized aTd fael'flow stopped if the gas turbine fails to establish combustion.

Fuel distribution piping and tubing shall be of stainless steel. The use of flexible hoses shall be minimized and,
when used, limited to locations where relative movements must be accommodated. All fuel hoses shall be made of
stainless steel and covered with abrasion-resistant braiding.

5.2.8.2 Gaseous fuel

5.2.8.21 General

The packager shall advise the purchaser of maximum/minimum fuel temperatures and pressures required at the
packager's fuel gas inlet connection. The maximum temperature is set by the gas turbine fuel system design (e.g.
seals, brackets, valves and instrumentation). The minimum temperature is set primarily by a specified margin
above the dewpoint of the fuel gas and may be limited in extreme cases by the gas turbine fuel system design. As
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the dewpoint cannot be consistently measured, the packager and purchaser shall mutually agree on a gas analysis
as a basis for the dewpoint calculation. A safety margin of typically 20 °C to 30 °C is required. The pressure is set
by a specified margin above the gas turbine pressure ratio, which is a function of the particular gas turbine ambient
temperature load (base or peak) and site elevation. This margin is influenced by the pressure drop of valves,

pipings, fil

ters, eftc.

Gas shall be free of liquids and solids at the purchaser's connection to the package. Special provisions by the
purchasers, such as separators or knockout drums, may be required to eliminate condensate in situations where
condensation could occur. Also liquid hydrocarbons shall be eliminated.

5.2.8.2.2

Net specific energy

The rangel of net specific energy of each gas shall be specified by the purchaser. For variations of \\Mg

more thar

5.2.8.2.3

A gaseou
a) Y-typ
b) nece
c) ama

d) two f
starti

e) afue
f) afue
When spe

If the fuel
be furnish

fuel gas t¢mperature supplied by the ‘purchaser.

5.2.8.3
A liquid fu
a) duplg

b) fuelg

5 %, the rate of change shall be specified by the purchaser as special equipment may,be Teq

Fuel gas system

5 fuel system shall typically include the following:

e fuel strainer(s);
Esary instrumentation;
hifold and nozzles;

el shut-off valves with an intermediate vent valve for automatic operation and system pun
9;

control valve;

gas pressure regulator, if required.
cified, a fuel bypass valve and ventvalve for purging the fuel gas line shall be provided.

gas pressure required by the packager is higher than that available, a fuel gas compression
ed by the packager when specified by the purchaser. The packager shall state the maximu

Liquid fuel

el system shalltypically include the following:

x fuel filters 'With a continuous flow transfer valve;

harge pump;

bbe index of
uired.

ging prior to

system shall
m allowable

ccorLif ppirad Iy tha Aoal o).

c) atomizif

O-a-earaBE W roaouu o
g—an OTTPTCSSOT (T requn U oyt pacrRaytry;y

d) two fuel shut-off valves for automatic operation;

e) necessary instrumentation;

f)  fuel control valve;

g) fuelfl

ow dividers, if required;

h) fuel nozzles and manifold;

i) draining facilities.
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For dual fuel engines where the principal fuel is gas, a single fuel filter may suffice.

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

Unless agreed otherwise, 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-jacking devices.

5.2.8.4 Dual fuel 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. Fhe dual fuel
system shall provide the capability of automatic transfer from one fuel source to another while underull or part
load operatipn.

When operating on gas fuel, the liquid fuel lines, nozzles, manifolds, etc. shall be preventedfrom 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 trapsfer shall
be stated in the technical description (see annex A, Table A.4).

5.2.8.5 Water/steam injection operation

The water/sfeam injection system shall be capable of providing the\specified power augmentation or| specified
levels 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 gf the water/steam injection system, with the proposal (see annex A, Table A.4).

Water/stean) quality and supply requirements shall be‘stated in the proposal (Table A.4).

5.2.8.6 DLE combustion

When specified, the gas turbine shall besprovided with a DLE combustion system to suppress emissiops of NO,
and CO. The purchaser shall specify whether dual fuel capability is required and whether dry-dry or dry{wet mode
is acceptablé.

5.2.9 Electrical systems

The charactgristics of the<electrical power supplies, such as those used for motors, heaters and instrumentation,
shall be spegified by the ‘purchaser.

Electrical coptrols\may be either a.c. or d.c. and shall be described in the packager's proposal. The purchaser shall
specify whether, the d.c. power supply is to be provided by the packager. When a.c. power is spgcified, an

H 1hHl 1 IS hall b idad Th K hall 1fs haoth th P 1
uninterruptible—pewer—stupply{(JPS)-shalt-be—provided—Fhe—purehaser—shalspecify-whether—the—JPS is to be

provided by the packager. When specified, the control system shall be designed to maintain operation and unit
protection for a period to be stated by the purchaser in the event of interruption in the utility a.c. supply.

Power and control wiring within the confines of the baseplate shall be resistant to oil, heat, moisture and abrasion.
Protection relevant cabling shall be fire resistant to ensure the safe shutdown of the unit.

Stranded conductors shall be used within the confines of the baseplate and in other areas subject to vibration.
Thermocouple 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.
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Unless otherwise specified, all leads on terminal strips, switches and instruments shall be permanentl
identification.

y tagged for

To facilitate maintenance, clearance shall be provided for all energized parts (such as terminal blocks and relays)

on turbine and auxiliary equipment.

Electrical materials, including insulation, shall be as corrosion resistant and non-hygroscopic as possible (see

5.1.3). When a tropical location is specified, materials shall be given the treatments specified below:

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

b) Unp nteda surraces snall be protected 1rom corrosion Dy plating or other suitable codatling.

Control, imstrumentation and power wiring (including temperature element leads) within the limits of the baseplate

ither steel wire armored or installed in rigid metallic conduits and boxes as specifiedby th
upported to minimize vibration and isolated or shielded to prevent electromagnetic interfereng

shall be g
properly §

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

Steel wirg armored cabling shall be suitably glanded through junction box penetrations.

6 Control and instrumentation

6.1 Control systems

6.1.1 General

The gas furbine power plant shall be provided with“a control system to enable the operator to seque
turbine ar(d its load device through its duty cyclé._(start-up, loading, operation, shutdown and stand-by)
shall alsg provide protection for the equipment via alarm and trip functions, and shall, where spe
purchasel, provide information to the gperator for condition monitoring. Control of ancillary syste
exhaust r¢duction emissions systems,-plant auxiliaries and combined cycle shall, where specified by th
be includgd.

Where the control equipment-has to meet national standards, it shall be the responsibility of the
advise the packager of the Jatest relevant standards.

6.1.2 Control and protection systems

Turbine gontrol and” protection systems shall be designed as “fail safe” unless otherwise agreed
purchasel and packager. Fail safe for the purposes of this specification, when applied to a digital co
shall be af follows.

b purchaser,
e.

Htight flexible
conduit shall

nce the gas
The system
cified by the
ms such as
e purchaser,

burchaser to

between the
ntrol system,

a) Digital instrument

A digital input instrument (e.g. pressure switch) used to protect the gas turbine shall be designed
open” and is then closed when the gas turbine is running and re-opened again on fault.

b) Analog instrument circuit

as “normally

An analog instrument (e.g. thermocouple input) used to protect the gas turbine, shall be continuously monitored for
open circuit and input value “out of range” detection. Either state shall cause the control system to take appropriate

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

Digital control output circuit

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

d) Analog

control output circuit

The device being controlled shall be continuously monitored for position, directly or by inference; a position error
shall cause the demand signal to be driven to its safe level.

e) On-line testing of control and protection devices

Modern digital control systems normally have some degree of redundancy on critical circuits and/gr 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 purchasgr and packager.

f) On-linelreplacement of instruments and controls

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

6.2 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 stageq or dwells
may be buil{ into the sequence according to the packager!s,design requirements and the purchaser's operational
requirements (see 4.3.3, 4.5.5,4.7.3.1 and 5.2.1).

6.3 Load|ng

Subsequent|loading of the set may be manual, or automatic up to demanded power level, as specified by the
purchaser. Nlanual operation requires thesoperator to raise the output to the desired set point. Automatic|loading is
when the odtput is automatically increased to the set point without manual intervention. Automatic logading may
directly folloy the starting sequence without any additional action of the operator.

In any mode| of loading, periods of-dwell at specific outputs may be introduced to meet warm-up requirements.
Where a genferator requirés_synchronizing to a particular system prior to loading, this may be achieved lby manual
or automatid means, as ‘specified by the purchaser.

6.4 UnIoI:ng and shutdown

6.4.1 General

This may be achieved by manual, semi-automatic or automatic means, as specified by the purchaser. Manual
operation requires the operator to perform or initiate each step. Semi-automatic requires the operator to perform
some function such as unloading manually while other parts of the sequence are automatic. Automatic operation is
carried out from a single operator command. In each case, however, the principal sequence of operations shall be
as follows.
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6.4.2 Controlled shutdowns: Generator drives

The sequence shall be:

a) controlled unloading to nominal zero output whilst remaining synchronized;

b) opening the circuit breaker;

c) reduction to idling speed and period of cooling under fired conditions (where applicable);

d) fuel cut-off and shutdown of auxiliaries not required for turning;

e) turnirlg period, (if necessary);
f)  shutdown of remaining auxiliaries, for example lubricating oil pumps, after gas turbine cool 'down;

g) reset|to starting conditions.

6.4.3 Controlled stop: Mechanical drives

The sequénce shall be:

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

b) cooling period (where applicable);

c) fuel qut-off followed by shutdown of auxiliaries not required for turning;
d) turnirlg period, (if necessary);

e) shutdown of remaining auxiliaries, for example lubricating oil pumps;

f)  reset|to starting conditions.
6.4.4 Emergency protection system

6.4.4.1 General

The emergency protection system shall protect the gas turbine and connected equipment agains{ hazards or
impending damage and shally“where appropriate, detect and operate independently of the governor. In order to
maximize|the life of the gas-turbine, under certain circumstances, it may not always be necessary tolimmediately
execute ah emergency‘stop, by tripping to minimum self-sustaining speed or minimum load as follows.

6.4.4.2 |Protective load shedding

Under ceftain fault conditions, the sequence may allow for the gas turbine to go to minimum Idad, no load
(generatorbreakeropen)ortriptoseif-sustaimingspeed-foraperiodof time;,attowingfor cooting before the fuel is
shut off automatically and the gas turbine is shut down. The packager shall advise the purchaser when this is the
case.

Under certain fault conditions, mutually agreed between the purchaser and packager, the sequence may allow for
the gas turbine to go to a partial load for a period allowing the fault time to correct itself. Failing this, the fuel is shut
off automatically and the gas turbine is shut down. Assuming the fault clears, the set may be reloaded
automatically or manually.

The requirement to decelerate to minimum load or trip to minimum self-sustaining speed is set by the core gas
turbine manufacturer, but the feature may be of interest when designing the process for the driven unit or heat
recovery systems to reduce the number of potential full shutdowns. The application shall be agreed between the
purchaser and packager.
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6.4.4.3 Emergency shutdown

Emergency shutdown may be manually initiated but shall occur automatically on operation of applicable gas
turbine/process plant protection devices as agreed with the purchaser. The system shall operate directly on the fuel
stop valve to cut off the gas turbine fuel supply.

Following emergency shutdown, normal turning and shutdown sequences, as appropriate, shall subsequently take

place. An automatic restart shall not be possible without a manual reset.

6.4.5 Fire and gas shutdown

Should a sefious fault be detected, such as fire or gas leakage, shutdown shall occur automatically as & result of
the function [of automatic detection devices. The system shall operate directly on the fuel cut off and\végnt valves.
The gas turlfine shall be shut down immediately without ramping to minimum load or cooling period,

In the case pf gas detection within an enclosure, all electrical equipment not certified for Zohe I or better shall be
isolated at spurce to reduce the possibility of ignition.

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

If gas is detg¢cted at a ventilation inlet, the ventilation fans shall be tripped as,the source is most probably external
to the enclogure.

6.4.6 Shufdown of generator sets

For electric generation, means shall be provided, either on the‘gas turbine or on the generator, for prejvention of
motoring of |the generator when the fuel stop valve is closed. Where synchronous compensation or [generator
starting is sgecified, 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 gupplies in
order to preyent rotation or reverse flow.

6.5 Ventijation and purging

6.5.1 Turbline enclosure

Purging and|safety interlocks/shall be built into the automatic start sequence. Only after a satisfactory purge of the
enclosure anpd when na-gas is detected as being present shall non-Zone | (Division |) hazardous arep certified
electrical eqliipment.ifi the enclosure be energized.

All instrumepts/and electrical equipment which is operated, prior to, or during, the purge cycle shall pbe Zone |
(Division ) ceftified.

Providing the enclosure is continuously purged and instrumented to monitor a minimum of 10 air changes per
minute, the hazardous area under the enclosure may be reduced by one level (i. e. Zone | to Zone Il) due to the
continuous dilution process (see 5.2.3.4).

6.5.2 Gas turbine purging

The starting control system shall provide an automatic turbine purge period of sufficient duration to ensure safe

operation of
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Unless national regulations state otherwise, the purging cycle shall displace normally at least three times the
volume of the entire exhaust system (including the stack) before firing the unit. In cases where alternative
precautions are taken, this may not be necessary.

Where large exhaust system volumes lead to excessive purge times, reduced cycle times may 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,
special precautions may be necessary (see 5.2.3.4). These shall include, but are not limited to, automatically

operated fuel dump valves, segregation of fuel handling equipment, special hazardous atmosphere-d
liquid detgctors.

6.6 Fuel control

6.6.1

Geéneral

The fuel qupply shall be automatically controlled during starting and running so as‘to'maintain the gas t

its safe o
for emissi

erating envelope and to maximize the life of the machine. Where necéssary to meet environ
bns, the fuel supply shall also be controlled to meet combustion design criteria.

6.6.2 Dual fuel system operation

When spe
and/or liq
range. An
Initiation ¢

6.6.3 Bi

cified by the purchaser, the control system shall be capable of controlling the gas turbine o
Lid fuel(s) and shall allow for automatic (bi-directiopal) changeover throughout the full ope
y restrictions on transient changes in speed or load'shall be advised to the purchaser by th
f the transfer shall be a signal provided by the purchaser.

tfuel operation

When specified by the purchaser, the controlisystem shall be capable of proportionally controlling

parallel toj
any limita

6.6.4 Lg

Where th

maximize the use of the primary, fuel according to availability. The packager shall advise the
ions with regard to the minimum percentage for each fuel.

w specific energy gas operation

b gas turbine is to.be-designed to run on very low specific energy gasses, such as some Ig

derived gases, it may be_ necessary to start the unit on liquid fuel or natural gas from other sources, w

made ava
combustig

6.6.5 V3

ilable by the purehaser. It may also be necessary to continuously pilot on one of these fuels t(
n flame from~blow out on transient load changes.

riablesspecific energy gas fuel control

etectors and

urbine within
mental limits

n gas fuel(s)
rating power
e packager.

each fuel in
purchaser of

ndfill or coal
hich shall be
prevent the

Where sp

cified hy the pnrr‘hqenr’ the control de’rnm shall be napthn of nufnmafir‘nlly anpnneafing

specific energy gas supply, maintaining stable operation over the full load range.

or a varying

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 to the governor fuel valve(s), two independent means shall be provided to shut off all gas fuel to the gas
turbine on any shutdown condition and shall not open until all permissible firing conditions have been satisfied.
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If the gas governor fuel valve is of a tight shut-off design, and fail safe closed, this may be accepted as one of the
shut-offs.

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

6.6.6.2 Vent valving

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

6.6.6.3 BjJock and vent 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 turbingis shut [down and
ventilation fgns are not running.

The requirerhent of 6.6.6.2 and 6.6.6.3 may be met using common equipment providing-the primary blogk valve is
located outs|de the enclosure.

6.7 Governing and limiting

6.7.1 Spegd demand

The control pystem shall provide for both manual and automatic speed demand via an auto/manual selg¢ctor. The
speed range shall be the same for both and designed for bumpless transfer at any point after achieving self
sustaining speed.

a) Constapt speed (generator set applications)

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

The speed ¢hanger, when remotely operated; shall be compatible with other speed changers on units funning in
parallel. The rate of load reduction frem~maximum site rated load to zero load shall be agreed befween the
purchaser and packager.

b) Variable speed (pump and’eompressor drive applications)
Where the gump or compréssor is required to run at varying speeds to meet process demand, the contfol system

shall be cappble of accepting an input from the process controller to regulate turbine speed demand over|an output
shaft operating speedrange as specified by the purchaser.

6.7.2 Spee]d control

6.7.2.1  Governor transient performance (single-shaft gas turbine generator set applications)

The governor shall limit the output speed at 105 % of the rated speed under all conditions of steady state. The
governor systems for electric generator drive shall prevent the gas turbine from reaching the gas turbine trip speed
after an instantaneous loss of maximum potential load. This assumes the gas turbine is operating under conditions
within the limits of capability set by specified ambient conditions with design fuel pressure, temperature and fuel
specific energy, and with the speed changer set and controlling at the rated speed.

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

The speed governor shall control the speed rise of the gas turbine and/or power turbine to a value which will permit
a restart without need for an inspection of the gas turbine after shedding of maximum potential load (see 4.3.2).
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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 low 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
exceed 0,1 % of the rated speed.

6.7.3 Speed control stability

6.7.3.1 | Capability

The speefl governing system controlling the fuel rate for the gas turbine operating between zero-and [ts maximum
power, shill be capable of stable control of:

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

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

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
sustdined 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).

b) The magnitude of the sustained oscillations of_ehergy input produced by the speed governing system and fuel
contrpl system does not produce a change/in output exceeding + 2 % of the rated output when the driven

equigment is operated at rated speed in+parallel with other driven equipment at constant speefl 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 Tgmperature limiting

The fuel [control System shall include an override system to prevent exceeding the gas turbine| rated firing
temperatyre, or-mxaximum gas generator speed, whichever is the more stringent limit.

6.7.6 Temperature limit stability

The temperature control and fuel control systems shall be capable of reliably controlling the temperatures of the
gas turbine, when the gas turbine is operating on temperature control, at the set limit for the ambient conditions
existing, when the driven equipment is operating in parallel with other driven equipment.

The temperature limiting or control system and fuel control system shall be considered stable when the driven
equipment is operating in parallel with other driven equipment at constant speed, provided the magnitude of the
sustained oscillation of turbine fuel energy input produced by the temperature limiting or control system and the fuel
control system does not produce a change in output exceeding 6 % of the rated power output.

© 1SO 2002 — All rights reserved 41


https://standardsiso.com/api/?name=08d039a0d9bb767e51cce494023c1236

ISO 3977-3:2002(E)

6.7.7 Other limits
Other control limits may be applied to the fuel control system as required by the packager. Limits may be applied,

for example, to the LP or HP spools of a gas generator speed, power turbine speed, compressor delivery,
temperature or pressure and power turbine exit temperature.

6.8 Emission control

6.8.1 General
The gas turhine ate3 , mbustion
process to meet the specified emissions levels using the specified emissions control technique (DLE| water or

steam injectfon).

6.8.2 Emigsion monitoring

To satisfy the requirements of some national regulations, it may be necessary to pravide emission fonitoring
systems. These may be based on measurements (continuous or intermittent) or on predictive calculations,.

6.9 Overspeed protection

6.9.1 Geng¢ral

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

The overspeged protection system, if electronic, shall employ a‘minimum of two independent sensors and ¢ircuits.

6.9.2 Overspeed settings

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

The overspded setting on a single-shaft generator set shall not be set above 110 % of the synchronous speed.
For twin-shafft (free power turbine) generating sets, the setting shall exceed the speed resulting from sudden loss of
maximum pptential power with a‘\margin that avoids spurious trips but does not result in overstress|ng of the

rotor(s).

For twin-shgft (free powef_turbine) mechanical drive sets, the setting shall be 5 % above the maximum dontinuous
speed.

NOTE See 4.3:2.

6.9.3 Overspeed-testing

Provision shall be made for testing of the overspeed trip. This may be manual or automatic operation, and may or
may not require interruption of normal operation. The design shall be agreed between the purchaser and packager.

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

overspeeding due to stored heat or large stored volumes of high pressure air, or both. Such protection may, for
example, take the form of blow-off valves actuated by the main governor or overspeed trip, or both.
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6.10 Protection systems

6.10.1 Flame monitoring

Direct or inferred (indirect) flame failure sensing shall be provided to monitor the presence of a combustion flame at
the appropriate point during the start cycle and subsequently during normal operation. Should the burner(s) fail to
light within a safe time period, or extinguish while running, the fuel supply shall be shut off.

Unless otherwise agreed between the purchaser and packager, the above shall be considered a firm requirement.

6.10.2 Bearing-temperature

Gas turbines with main shaft bearings of the hydrodynamic type shall be equipped with temperaturg¢ monitoring,
which shall measure the bearing metal and/or return-oil temperatures, and actuate alarms |and/of shutdowns
should an|abnormal temperature be detected.

6.10.3 Air intake icing

The packpger shall install the necessary equipment to automatically control theyaction of any anti-jcing system
fitted to thie 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 intak¢ 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.

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 furbine from
excessive back pressure, fault monitoring shall be-provided; either damper position or pressure monitgring may be

used as agreed between the packager and purchaser. In all cases, the packager shall ensure that the method used
is fast enqugh to prevent damage to the gas'turbine or system components.

6.10.6 Vipration and axial positionimonitoring

6.10.6.1 | General

A vibratiop and axial position"monitoring system shall be supplied to warn the operator of changing viljration levels
or shaft axial position, andto 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 | Aeroderivative 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 system with tracking filters to isolate spool specific
frequencies.

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

6.10.6.3 Industrial gas turbines

Industrial gas turbines shall be fitted with shaft displacement vibration probes and axial position indicators. The
fitment of casing mounted acceleration/velocity sensors may be considered, providing the packager can
demonstrate satisfactory correlation between his measured acceptance levels and the absence of long-term
damage (see 4.7.2.2). The final selection shall be as agreed between the purchaser and packager.
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6.10.6.4 Gearboxes and driven units

The design and scope of supply for vibration 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 for the outbreak of
fire within the enclosure. The fire suppression system, fire detection system and gas detection system shall be

designed
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appropriate concentrations. The shutdown shall be treated as in 6.4.4.

In an environment where gas can occur in the atmosphere (gas plants, LPG plants, etc.) a gas detector should be
placed at the air intake of the gas turbine.
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The philosophy of initiation and warning and shutdown levels for the gas detector(s) shall either
a) satisfy local or national regulations, or
b) be agreed between the purchaser and packager.

Gas detectors shall monitor for gas leakage and shall be arranged so that their efficiency is not impaired by
adverse air flow, i.e. by a high air demand for heat removal. When the gas alarm system detects a specified
percentage [typically in the range of 5 % to 20 % of the lower explosive limit (LEL)], it shall give an alarm. When the
gas alarm system detects a specified higher percentage (typically in the range of 20 % to 60 % of the LEL),
automatic action to eliminate the hazardous situation shall be initiated.

6.10.9 Lybrication

The contrpl 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;

c) runnipg, continuous monitoring of supply pressures and temperatures;
d) shutdown, including the starting of any emergency oil pumps;

e) any gost-shutdown cool-down period.

The gas furbine 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 pf temperature detectors shall be provided to monitor the temperature of the gas turbine exhaust or the
temperatyre before a separate power turbine. Sufficient detectors shall be provided to detect asymme}ric failure or
deterioratjon of the combustion system\'or turbine nozzles. An alarm shall be initiated if any one [temperature
deviates py more than a specified( amount from the mean temperature. When higher deviation |fis specified,
deloading| shutdown or trip shall occur.

Appropriate action should be\taken in accordance with 6.4.3.

6.11 Compressor wash system

A comprgssor onsline and/or off-line wash system with manual or automatic control may be |supplied as
recommended by-the packager or specified by the purchaser (see 5.2.4.7). In the case of automatiq control, the
control system*shall provide the automatic sequence of the cycle(s) and all the necessary safety interlocks and

overrides tto prn\/nnf imprnpnr use

6.12 Control system considerations
6.12.1 Architecture (digital systems)

6.12.1.1 Simplex systems

Where the control 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 acceptable. A simplex
system shall employ adequate safeguards (“watchdogs”) to monitor for a processor hardware or software failure
and take necessary executive action to force the outputs to a safe state or watchdog trip.
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6.12.1.2 Fault tolerant systems

Where it is vitally important that unscheduled shutdowns are kept to a minimum as specified by the purchaser, the
control systems, power supplies, engine instruments and end devices may, as agreed between the purchaser and
packager, be provided with up to triplicated hardware providing two out of three voting and on-line change-out 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 $ystem shall employ a "first up lock out" shutdown sequence, the output of which may be digplayed 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.

6.12.3.2 Fault warning

The control ystem shall employ a warning annunciator to alert the operator of impending failure. The oditput shall
clearly indicpte the sequence in which the faults occur. The fault*output annunciation shall not clear |itself until
manually acpepted and the fault level has returned to normal. Jhé alarm annunciator may be integrate with the
shutdown arjnunciator.

6.12.3.3 Status information
The control pystem shall clearly indicate to the operator the status of the gas turbine during start-up, rupning and

shutdown, apd shall advise the operator when a.command input is required. Status information may be |ntegrated
into the faulfjwarning 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 klakon when
specified by[the purchaser.

6.12.4 Recgrding of hours-run and starts

The control gystem_shall be provided with a means of recording the number of hours run and the numbaer of starts
made. The hours ruh may be segregated by the fuel used and in the form of normal and peak power ag specified
by the packager.

6.12.5 Indication of shaft speed and hot gas path temperature

The control 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 adequate data to determine
when compressor fouling has reached a level which requires that on-line or off-line washing be performed.
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6.12.7 Trouble-shooting aids

6.12.7.1 Controls and instrumentation

Where specified by the purchaser, the control system shall be supplied with fault diagnostic capability to help
identify 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 turhine

6.12.8 Elpctromagnetic compatibility

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

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

6.12.9 Spare termination
The packager shall allow for 10 % spare termination capacity, and adeqUate space for additional I/O circuit boards.

This sparg 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 uninterruptable power supply systems, the packager shpll advise on
the voltage range and tolerance, and both static loading:and inrush current conditions.

6.12.11 [Internal control panel wiring

Internal copntrol panel wiring shall be to the packager's standard, providing this complies with national $tandards as
specified py the purchaser.

6.13 Control panel installation

Where the¢ installation is toe\carried out by the purchaser, the packager shall advise all special requitements with
respect tg earthing and cabling to maintain electromagnetic compatibility.

The purchaser shall-specify any special installation requirements with regard to dust, humidity, water, |temperature
and isolatjon from-any source of vibration.

The purcHaser ‘'shall specify the area classification for the location of the control panel and operator stat|ons.

The purchaser shall specify the location of the control panel with respect to the gas turbine, and shall also specify
any additional operator stations (e.g. local to the machine, central control room). The purchaser shall also state the
degree of control and monitoring required at each position.

The packager shall advise the purchaser of any cable segregation requirements and the maximum cable length that
the control panel may be mounted away from the gas turbine.

6.14 Operability and diagnostics

The gas turbine shall be adequately instrumented for ease of operation, maintenance and diagnosing of fault
conditions as agreed between the purchaser and packager.
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If specified by the purchaser, the packager shall offer a support service employing the use of telecommunications
(modem interfaces) to aid in the identification of faults on gas turbines and their control systems, which require
specialist diagnostic knowledge.

6.15 Data communications

The purchaser shall specify if any serial communication facilities are required. The purchaser and packager shall
agree about the protocols to be used, the scope of data and control facilities over the link, data-transfer rates and

time-tagging

6.16 Spec;

6.16.1 Dynamic positioning and marine propulsion

6.16.1.1 E

Where gas f{
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urbines are being used for marine propulsion duty, emergency and safety‘csitical shutdown
imum in line with the Classification Society's Rules and Regulatory Authérity's Requirements

br shall meet the Classification Society's Rules and Regulatery Authority's Requirements wi
n for environment, vibration, and electromagnetic compatibility of the control panel.

rgency power gas turbine generator sets

turbines are being used for emergency applications, defined as maintaining power U
circumstances due to earthquake, fire or:flood. (see 6.4.3), the controls and instru
5 specified in 6.1.1.5 to 6.15, excluding 6.9,-may be relaxed and the following shall take prefe

nal regulations exist for the safe reliable operation of an emergency plant, the gas turbi
be designed to meet these regulations.

s shall be

th respect

nder life-
mentation
fence.

he control

The requirement for a rapid,~reliable start-up is of prime importance on emergency generator sets.|The start
sequence sIaII be initiatedsautomatically from the detection of an emergency condition such as powei failure in
earthquake and fire-fighting-situations and shall be designed to minimize the time required to start and lopd the set
from cold.

c) System protection considerations

The require

shutdown protection circuits shall be kept to a minimum and shall be desined to maximize availability during
emergency conditions even though the gas turbine may be damaged by continued operation.

d) Fault alarms/shutdowns

To maintain uninterrupted operation, it is not unusual to only allow manual shutdown following a critical alarm
annunciation; only extremely critical faults such as overspeed are allowed to automatically shut down the set.
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Annex A
(informative)

Data sheets

Table A.1 — General

JUD INO. LI =1\
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 GEOGRAPHIC LOCATION O  SEISMIC REQUIREMENTS
O PACHAGER MODEL SHOP ORDER
DRIVER MANUFACTURER MODEL SERIAL No.
DRIVEN EQUIPMENT TYPE MANUFACTURER MODEL __ SERIAL No. __
ADITTIONAL DRIVEN EQUIPMENT TYPE MANUFACTURER MODEL ____ SERIAL No. __
TYPE MANUFACTURER MODEL __ SERIAL No. __
O OUTRUT REQUIRED
O  OPERATING SPEED RANGE REQUIRED
CYCLE: O REGEN O SIMPLE O  EXHAUST HEAT RECOVERY  TYPE OF GAS TURBINE: <  SINGLE SHAFT
< MULTI SHAFT
DUTY: O CONTINUOUS O INTERMITTENT O  STANDBY OPERATION: O ATTENDED O UNATTENDED
NOTE: INFORMATION TO BE COMPLETED O BY PURCHASER BY PACKAGER
< B PACKAGER IF NOT BY PURCHASER
PERFORMANCE LOCATION
GAS TURB|INE; INCLUDING ALL ENGINE DRIVEN PARASITIC O GEOGRAPHIC LOCATION
LOSSES
O  SEISMIC REQUIREMENTS
SITE NORMAL" SITE SITE O INDOOR O OUTDOOR
RATE BUTY MAX MIN O HEATED O UNDER ROOF
TEMP O  UNHEATED O PARTIAL[SIDES
O DRY BULB TEMP., °C
O  RELATIVE HUMIDITY, % O  ELECTRICAL AREA CLASSIFICATION
O BARQMETER, kPa NON-HAZARDOUS CLYGRP/DIV
OUTRUT, kW (HP) (1) GAS TURBINE AREA o 1
HEAT| RATE, LHY;kd/kW-H GAS TURBINE ENCLOSURE o 1
< OUTRUT SHAFT.SPEED, r/min CONTROL PANEL e} L
INLET AIR FEOW, kg/s
INLET AIRSYSTEM, Ap, kPa O  MARINIZATION REQUIRED WINTERIZATION REQUIRED
FIRING-TEMP., °C O  TROPICALIZATION REQUIRED
EXHAUST FLOW, kors (1) USUACCONDITIONS: O— DUST O FUMES
EXHAUST SYSTEM, Ap, kPa O OTHERS:
EXHAUST TEMP., °C
(1) INCLUDING EFFECTS FOR O STEAM
O  WATER INJECTION
O DRIVEN EQUIPMENT, SEE SEPARATE DATA SHEETS
< EMISSION CONTROL < AUGMENTATION PACKAGE SOUND LEVEL (4.3.9)
STEAM FLOW, kg/h O  SOUND POWER LEVEL dBA
WATER FLOW, I/s O SOUNDPRESSURELEVEL ___ 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 SPECIAL[EONSIBDERATONS NO—EWFED
O DOMEST|IC O EXPORT O EXPTBOXING REQUIRED |EMISSIONS REDUCTION METHOD (IF REQUIRED)
O OUTDOOR STORAGE MORE THAN 6 MONTH <  WATER INJECTION < SCR
O OCEAN TRANSPORT PREPERATION TYPE <~ STEAM <~ DRY COMBUSTPR
O LIFT SLINGS/SPREADERS BY PACKAGER < OTHER
O SO, REQUIIREMENTS
O SULFUR CONTENT OF FUEL
SO, EMITTED (BASED ON STATED SULFUR CONTHENT)
O  CO REQUIREMENTS
CO EMITTED
O  PARTICULATE REQUIREMENTS
PARTICULATE EMITTED
O  UNBURNED HC REQUIREMENTS
O  APPLICABLE EMISSIONREGULATION
PAINTING OTHER
O MANUFALTURER'S STD.
O OTHER
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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 °C kPa °C STEAM LEVEL kPa kPa kPa
NORM KPa T KPa T STEANM, NORMAL
MAX. kPa °C kPa °C STEAM, MAX.
EXHAUST MIN. kPa °C kPa °C INSTRUMENT AIR m3/min
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/min
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
ELECTRIC|TY (4.6.4): TURBINE AIR EXTRACTION REQUIRED:
MOJTORS HEATING CONTROL SHUTDOWN O  kg/min @
VOLTAGE O . MAXIMUM PRESSURE AVAILABLE @
HERTZ kPa @
PHASE O\ DISCHARGE TEMP °C
O COMPRESSOR STAGE EXTRACTED
COOLING WATER: NOTES:
TEMP: INLET °C MAX. RETURN °C
PRESS NOQRM kPa DESIGN °C
MIN RETURN kPa MAX. ALLOW AP kPa
TEMP: INLET °C MAX. RETURN °C
DESIGN
WATER SQURCE
INSTRUMBNT AIR PRESSURE; kRa:
MAX. NORMAL MIN.
PURCHASE CONNECTIONS
CONNECT|ON O (0] (0] < (0] O
SIZE FACING & POSITION FLANGED | MATING FLG GAS
RATING OR & GASKET VELOCITY
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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Table A.3 — Data sheets — Accessory systems supplied by packager

ISO 3977 DATA SHEETS

JOB No. ITEM
P.O. No. DATE
INQUIRY No. BY

REVISION DATE

ACCESSORY SYSTEMS SUPPLIED BY PACKAGER

STARTING SYSTEM (5.2.1)

MOUNTING SYSTEMS (5.2.2)

TYPE O MOTOR O TURBINE O TYPE OF FOUNDATION (5.2.2.1)
O GASEXPANDER O ICENGINE O HYDRAULIC [O SUITABLE FOR EPOXY GROUT (5.2.2.2)
O  GAS TURBINE < STARTER IS CLUTCHED O BASEPLATE (5.2.2.3), SINGLE MULTIPLE
O LEVELLING PADS/ARGETS

STARTER RATING kw |O COLUMN MOUNTING O THERMAL ISOLATION

SHAFT TJURNING DEVICE REQUIRED O EXTERNAL EXCITING FORCES

MOTOR O SUPPORT SYSTEM VALUE
TYPE RATING kW O DECKING/GRATING, TYPE (5.2.2.3)
MFR MODEL kW
STEAM TURBJINE
MFR MODEL
kw MAX. STEAM FLOW kg/h
TOTAL/START kg
O  GAS EXPANDER
APPLICABLE BPECIFICATION
MFR MODEL ENCLOSURE AND FIRE PROTECTION (52.3)
kw MAX. GAS FLOW kg/h
TOTAL/START kg O ENCLOSURE TYPE

O FIRE-SUPPRESSION BY CO,
O GAS FOR EXPANSION TURBINE O FIRE'SUPPRESSION BY MATER MIST 1301
MIN. MAX. NORMAL |[O _-SPECIAL DESIGN CONSIDERATIONS

INLET PRESSURE, kPa
EXHAUST PRESS, kPa O VENTILATION FAN REDUNDANCY (5.2.3.4)
GAS TEMP., °C INLET O POSITIVE PRESSURE VENTILATION (5.2.3.4)
GAS TEMP., °C EXHAUST O  EXTERNAL DUCTING BY PURCHASER (5.2.3.4)
MOLECULAR MASS D.C. FAN REQUIRED kw
SPEED CONTIROL O GOVERNOR O PRESSURE OTHER
REGULATOR
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