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Foreword

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

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

Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.

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

International Standard ISO 14661 was prepared by Technical Committee ISO/TC 208, Thermal turbines for
industrial application (steam turbines, gas expansion turbines).

Annex B is a normative part of this International Standard. Annexes A and C are for information only.
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Introduction

This International Standard is a basic standard. Therefore the users of this International Standard should be aware
that additional or differing requirements may be needed to meet the needs for the particular service intended.

It is intended to add later, by means of an amendment, an annex containing data sheets appropriate to the text at
hand.
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Thermal turbines for industrial applications (steam turbines, gas
expansion turbines) — General requirements

1 Scope

This International Standard specifies general requirements intended to facilitate the procurement and supply of
steam turbines and gas expansion turbines primarily for industrial applications.

This International Standard should serve as a basis for any application although, for special applications,
supplementary specifications may also be required, for example for general and special purpose industrial steam
turbines used in the petroleum and natural gas industries.

This International Standard is applicable to axial- and radial-flow industrial-type turbines (steam turbines and gas
expansion turbines). It specifies the basic requirements for single-stage and multi-stage impulse or reaction
turbines, which are not spared or are in critical service. In addition, this International Standard also specifies some
requirements for driven machines, gear units, lubrication and sealing systems, controls, instrumentation and
auxiliary units for turbine plants.

Exceptions to the requirements laid down in this International Standard may be agreed between the purchaser and
supplier.

NOTE 1 Which standard is to be applied in the individual case is the decision of the purchaser. For instance, the purchaser
of a generator-driving turbine connected to the public network will generally be responsible for complying with the technical
requirements of the public network regardless which standard is specified. If the purchaser of a generator-driving turbine is also
the operator of the public network or if he/she is the supplier of an independent power producer (IPP), he/she usually specifies
the application of IEC 60045-1.

NOTE 2 Further standards on industrial steam turbines for the Petroleum and Natural Gas Industries are ISO 10436 and
ISO 10437. Information on other relevant International Standards is given in the bibliography.

NOTE 3 A bullet � at the edge of the text indicates that either a decision is required or further information is to be provided
by the purchaser. This information should be indicated on the data sheets (see “Introduction”) otherwise it should be stated in
the quotation request or in the tender.

2 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 261, ISO general-purpose metric screw threads — General plan.

ISO 263, ISO inch screw threads — General plan and selection for screws, bolts and nuts — Diameter range 0.06
to 6 in.

ISO 1122-1, Glossary of gear terms — Part 1: Geometrical definitions.
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ISO 1127, Stainless steel tubes — Dimensions, tolerances, and conventional masses per unit length.

ISO 1925, Mechanical vibration — Balancing —Vocabulary.

ISO 1940-1, Mechanical vibration — Balance quality requirements of rigid rotors — Part 1: Determination of
permissible residual unbalance.

ISO 1940-2, Mechanical vibration — Balance quality requirements of rigid rotors — Part 2: Balance errors.

ISO 2041, Vibration and shock — Vocabulary.

ISO 3304, Plain end seamless precision steel tubes —Technical conditions for delivery.

ISO 4200, Plain end steel tubes, welded and seamless — General tables of dimensions and masses per unit
length.

ISO 4572, Hydraulic fluid power — Filters — Multi-pass method for evaluating filtration performance.

ISO 6708, Pipe components — Definition and selection of DN (nominal size).

ISO 7005-1, Metallic flanges — Part 1: Steel flanges.

ISO 7268, Pipe components — Definition of nominal pressure.

ISO 7919-1, Mechanical vibration on non-reciprocating machines — Measurements on rotating shafts and
evaluation criteria — Part 1: General guidelines.

ISO 7919-2, Mechanical vibration on non-reciprocating machines — Measurements on rotating shafts and
evaluation criteria — Part 2: Guidelines for large land-based steam turbine generator sets.

ISO 7919-3, Mechanical vibration on non-reciprocating machines —- Measurements on rotating shafts and
evaluation criteria — Part 3: Coupled industrial machines.

ISO 8068, Petroleum products and lubricants — Petroleum lubricating oils for turbines (categories ISO-L-TSA and
ISO-L-TGA) — Specifications.

ISO 9084, Calculation of load capacity of spur and helical gears — Application to high speed gears and gears of
similar requirements.

ISO 10816-1, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating parts —
Part 1: General guidelines

ISO 10816-2, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating parts —
Part 2: Large land-based steam turbine sets in excess of 50 MW.

ISO 10816-3, Mechanical vibration — Evaluation of machine vibration by measurements on non-rotating parts —
Part 3: Industrial machines with nominal power above 15 kW and nominal speeds between 120 r/min and
15 000 r/min when measured in situ.

ISO 11342, Mechanical vibration — Methods and criteria for the mechanical balancing of flexible rotors.

ISO/TR 13989-1, Calculation of scuffing load capacity of cylindrical, bevel, and hypoid gears — Part 1: Flash
temperature method.

ISO/TR 13989-2, Calculation of scuffing load capacity of cylindrical, bevel, and hypoid gears — Part 2: Integral
temperature method.

IEC 60045-1, Steam turbines — Part 1: Specifications.

IEC 60079 (all parts), Electrical apparatus for explosive gas atmospheres.

IEC 60079-10 , Electrical apparatus for explosive gas atmospheres — Classification of hazardous areas.
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IEC 60584 (all parts), Thermocouples.

IEC 60751, Industrial platinum resistance thermometer sensors.

IEC 61515, Mineral insulated thermocouple cables and thermocouples.

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 1122-1 (for geometrical
definitions), ISO 1925 (for balancing definitions), ISO 2041 (for vibration and shock definitions) and the following
apply.

NOTE Use of the word "design“ with respect to any steam conditions, power output, speed, etc. should be avoided in
contract documents. This terminology should only be applied by the equipment designer and the manufacturer to the values
used in design calculations such as the design pressure for pressure vessel.

3.1 Turbines

3.1.1
steam turbine
thermal power unit with rotating components in which the enthalpy drop of steam is converted into mechanical
energy in one or several stages

3.1.2
industrial-type steam turbine
steam turbine which is used for industrial purposes.

NOTE In addition to mechanical energy it is typical that, by the use of the turbine, steam can be exported for various
production fields. This steam can be extracted from the turbine anywhere during or at the end of expansion.

3.1.3
extraction turbine
turbine in which some of the steam is extracted part-away through the expansion in order to provide process steam

NOTE If the turbine includes means for controlling the pressure of the extracted steam, it is called a controlled (or
automatic) extraction turbine.

3.1.4
mixed pressure turbine
turbine where the working fluid enters the turbine at two or more pressures through separate inlet openings

3.1.5
gas expansion turbine
thermal power unit with rotating components, in which the enthalpy drop of a gaseous medium is converted into
mechanical energy in one or several stages

NOTE The gas expansion turbine differs from the gas turbine in that it has neither its own associated compression nor
combustion system.

3.2 Power output, heat rate and steam rate

3.2.1
rated power output
Pr
maximum power output at the turbine coupling or at the generator terminals, as specified by the purchaser,
including the relevant conditions

NOTE The governing valves will not necessarily be fully open.
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3.2.2
maximum power output
Pmax
maximum available power output at the turbine coupling or at the generator terminals, as stated by the
manufacturer, including the relevant conditions

3.2.3
heat rate
�

ratio of the absorbed heat between the motive fluid inlet(s) and outlet(s) to the power output at the coupling or at
the generator terminals, considering the specified operating conditions:

� =
Q Q

P
s r� -

where Qs and Qr are the heat supplied and the heat returned

NOTE 1 The dimensions are kilojoules per kilowatt second [kJ/(kW.s)] or the equivalent in a coherent unit system to obtain a
dimensionless ratio.

NOTE 2 The relationship between the heat rate and the thermal efficiency � t is

� =
1

t�

3.2.4
steam rate
s
ratio of the steam mass flow rate, qm, at the inlet of the turbine to the power output at the coupling or at the
generator terminals, considering the specified operating conditions:

s
q

P
�

m

NOTE 1 The dimensions are kilogram per kilowatt second [kg/(kW.s)] or kilogram per kilowatt hour [kg/(kW.h)] or the
equivalent in a coherent unit system.

NOTE 2 The relationship between the steam rate and the thermodynamic efficiency �td and the isentropic drop �hs is

s
h

�
�

1

td s� �

where � td is the value of the power output divided by the isentropic power capacity.

NOTE 3 For mixed pressure and for extraction steam turbines it is necessary to declare in addition to the numerical value of
the steam rate the associated specific conditions for induction and for extraction steam. These are:

a) for mixed pressure turbines: induction steam

� mass flow,

� pressure,

� temperature;

b) for extraction turbines: extraction steam

� mass flow.
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3.3 Connection points

3.3.1
inlet connections
inlet connecting point of the stop valve or casing connecting points for intake and additional induction steam stop
valves

3.3.2
outlet connections
outlet connecting point of casing for controlled or uncontrolled extractions or exhaust

3.4 Steam or gas conditions

3.4.1
steam or gas conditions
conditions which define the thermodynamic state of steam or gas, normally (static) pressure and temperature or
dryness fraction (or quality)

NOTE Steam or gas pressure should always be quoted in absolute units, not as gauge pressure.

3.4.2
initial steam or gas conditions
steam or gas conditions at the inlet to the stop valves

3.4.3
maximum operating steam or gas conditions
highest steam or gas conditions at which the turbine is required to operate continuously

NOTE The steam conditions should not exceed those permitted by IEC 60045-1.

3.4.4
maximum steam or gas conditions
most severe steam or gas conditions at which the turbine is required to operate continuously

NOTE If the pressure and/or temperature are limited by protecting devices (set values) to protect any component of the
turbine's steam or gas system, these set values define the maximum steam or gas condition.

3.4.5
minimum operating steam or gas conditions
least severe steam or gas conditions at which the turbine is required to operate continuously

3.4.6
induction steam conditions
conditions of any additional steam entering the turbine at any pressure lower than the initial pressure

3.4.7
extraction steam conditions
conditions at the extraction connections of the turbine, of steam extracted for feed-heating or process purposes

3.4.8
exhaust conditions
steam or gas conditions at the exhaust connection from the turbine

3.5 Wetness

3.5.1
gas wetness
ratio of the actual mass of vapour and steam droplets contained in a defined gas volume and the total mass of the
defined volume
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3.5.2
steam wetness
ratio of the actual mass of water in a defined steam volume and the total mass of the defined volume (steam/water
mixture)

3.6 Mass flow

3.6.1
steam or gas flow
steam or gas mass flow which the turbine, including the turbine shaft-driven auxiliary equipment, requires to
produce the specified power output at the coupling or generator terminals for the different operating points under
the specified conditions

NOTE The requirements for auxiliary steam and power should be agreed upon between the purchaser and the supplier.

3.6.2
extraction or bleed mass flow
steam or gas mass flow extracted from the turbine at a pressure below the inlet pressure but above the outlet
pressure

3.6.3
exhaust steam or exhaust gas mass flow
steam or gas mass flow which passes through the casing into the back pressure system or the condensing plant

3.6.4
induction mass flow
steam or gas mass flow induced to the turbine at a pressure below the inlet pressure

3.7 Speeds (see Figure 1)

o = specified operating points

//// = specified operating range for turbines with variable operating speed

a For generator drives, all operating points are situated on this line.

Figure 1 — Definitions of speeds
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3.7.1
rated speed
nr
speed at the rated operating point

3.7.2
minimum continuous operating speed
nmin
minimum speed in the specified speed range

NOTE For generator drives this is equal to the rated speed nr, taking into account a certain variation in network frequency.

3.7.3
maximum continuous operating speed
nmax
maximum speed in the specified operating speed range

3.7.4
trip speed
nt
speed at which the turbine is tripped automatically by the independent overspeed device

NOTE Further details on speeds are given in 10.2 and annex A. Terms concerning speed governing are given in annex B.

3.8 Operating points

3.8.1
normal operating point
point at which usual operation is expected and where optimal efficiency is desired

3.8.2
guarantee point(s)
normal operating point and/or other specified operating points at which guarantee values must be met

3.8.3
rated point
operating point at which the maximum power is produced at the corresponding speed

3.9 Miscellaneous

3.9.1
purchaser
company or corporation which places the order with the supplier

3.9.2
supplier
company or corporation which accepted the order of the purchaser

3.9.3
witnessed inspection or test
inspection or test carried out with the purchaser or his/her representative in attendance

NOTE In this case a hold is applied to the production schedule to ensure that the purchaser can attend.

3.9.4
observed inspection or test
inspection or test carried out after the purchaser has been informed of the timing

NOTE In this case the inspection or test is performed as scheduled and if the purchaser or his/her representative is not
present, the supplier may proceed to the next step.
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3.9.5
special tools
tools which cannot be found in the catalogues of tooling suppliers

4 Symbols and abbreviations

A Amplitude

F Amplification factor

Lv Vibration limit

MSR Maximum speed rise

P Power output

Pm Maximum power output at which zero extraction or induction is permitted

Pmax Maximum available power output

Pr Rated power output

Qs Heat supplied

Qr Heat returned

S Separation margin

SV Speed variation

U Input unbalance for rotor response analysis

Umax Maximum allowable residual unbalance

W Journal static weight load

h Enthalpy

�hs Isentropic enthalpy drop

n Speed

nc Rotor critical speed

nm Speed at maximum power output with zero extraction or induction

nmax Maximum continuous operating speed

nmin Minimum continuous operating speed

nr Rated speed

ns Set point of speed

nt Trip speed

�n Difference in speeds

qm Mass flow rate of steam

s Steam rate

� Steady-state speed regulation

� i Incremental steady-state speed regulation
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� t Thermal efficiency

� td Thermodynamic efficiency

� Heat rate

5 Enquiry and tender

5.1 General

5.1.1 Because of the long delivery time for turbines, the last but one sentence in the introductory phrase to
clause 2 is to read as follows: If not otherwise agreed, the edition of the normative document valid at the moment of
order placement, shall apply.

5.1.2 The data sheets for industrial turbines are part of the inquiry or of the order. If there is any contradiction of
this International Standard in the inquiry, then the statements in the inquiry take precedent. With an order, the
information of the order overrules that given in this International Standard.

Documents which are part of the inquiry, the quotation or the order shall not be passed to a third party, except if
this is necessary for setting up the quotation or for the execution of the order.

Documents which have been submitted to the purchaser and which are approved by him shall be incorporated in
the order information.The approval does not release the supplier and the purchaser from their contractual
obligations.

The responsibility for the coordination of the turbine and the driven machine shall be clarified before the contract is
agreed.

5.2 Enquiry

The purchaser shall complete the data sheets for industrial turbines as far as is possible. In the data sheets all
statements shall be made which are necessary for the supplier to make a tender. Where the standard requires the
purchaser to make a decision, he should make an unequivocal statement.

The purchaser shall state any exceptions and deviations from this International Standard, which are to be
considered by the supplier.

� In this enquiry the purchaser shall specify all spare parts, which he/she requires to be taken into account within
the tender. The supplier may amend this list with his/her own proposals.

The purchaser shall provide the supplier with all information concerning legislative authority regulations which shall
be valid for the turbine and its appurtenances, e.g. noise emission, air pollution, water pollution, fire protection, etc.

The purchaser and the supplier shall agree on any exceptions and deviations from this International Standard.

5.3 Tender

The supplier shall complete the data sheets for industrial turbines and include them as part of the tender
documentation. He shall provide additional information where necessary to describe the scope of supply.

In addition, the supplier shall provide the following minimum level of documentation with the tender:

a) arrangement or outline drawings;

b) schematic drawings for the operating fluid systems, control and lubrication oil systems, and overall control
systems;
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c) a definition of the supply limits and limits of responsibility for coordination;

d) terminal point lists or diagrams;

e) exceptions to this International Standard;

f) exceptions and additions to the enquiry requirements based on the supplier's recommendations and
application experience;

g) delivery schedule.

For budget quotations, the extent of documentation shall be mutually agreed by the purchaser and supplier.

5.4 Warranty

The type, extent and duration of the warranty are constituents of the commercial contract.

5.5 Safety requirements

Information on International Standards dealing with aspects of safety is given in the Bibliography.

5.6 Alternative designs

The supplier may offer alternative designs. Any deviations from this International Standard or from the specified
design shall be clearly stated in the proposal. It is for the purchaser to decide whether to accept the alternative
designs or not.

6 Turbines

6.1 General

6.1.1 Design features

The turbines and their auxiliary equipment shall be designed for continuous running in all specified operating points
for the duration specified in the inquiry by the purchaser. Starting, run down and all specified instantaneous
overloads shall be taken into account.

Any operating conditions deviating from the rated conditions shall be agreed upon by the purchaser and the
supplier.

The direction of rotation of the turbine shall be agreed between the turbine supplier and the supplier of the driven
machine.

The purchaser and supplier shall agree as precisely as possible upon the arrangement of the machines and the
auxiliary equipment before the order is placed.

Lifting eye bolts, jacking screws and guide pins or similar devices shall be provided to facilitate assembly and
dismantling. Where jacking screws are provided, sealing faces shall not be damaged.

Control systems, bearing houses, shaft sealings and oil supply systems shall be designed in such a way that under
operation as well as at standstill only the minimum possible amount of humidity, dust and foreign substances
should be able to ingress the turbine.

The turbines and auxiliaries shall be suitable for the environmental conditions and the climatic conditions specified
by the purchaser in the data sheets.
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Facilities for draining the casings and piping systems shall be provided.

All parts which may be damaged or which may fail because of low ambient temperatures shall be protected in a
suitable manner.

If necessary, heating devices shall be provided for the lube fluid and the control fluid systems.

If reverse rotation is possible, the circumstances under which this may occur shall be clarified and preventive
measures shall be agreed upon by the purchaser and the supplier.

6.1.2 Materials

Information on International Standards for materials is given in the Bibliography.

6.1.3 Welding

All weldings on pressure-containing casings and pipes shall be performed according to the following:

� materials shall be suitable for welding and the filler material shall be compatible with the basic material;

� welding procedures shall be selected according to the character of the material, the thickness of the piece and
the stress of the welding seam;

� if not otherwise specified, all weldings take place under the responsibility of the supplier and according to his
welding procedures;

� welds shall be performed by qualified welders using qualified procedures; the qualification authority shall be
agreed between the purchaser and the supplier before the contract is signed;

� the inspection authority for the welds shall also be agreed between the purchaser and the supplier.

For information on International Standards on welding, see the Bibliography.

6.1.4 Hot surfaces

Components which can reach surface temperatures of more than 340 K (67 °C) under normal operating conditions
shall be protected to prevent injuries to operating personnel. The method of protection should be designed in such
a manner to prevent contact with the hot surfaces.

Because of the risk of fire, oil pipes shall not be insulated, even when the surface temperature is higher than 340 K.

Only insulation materials free of asbestos are permitted.

6.1.5 Protection against corrosion during longtime shutdowns

The purchaser is recommended to protect the turbine against corrosion during longtime shutdowns in accordance
with the supplier's instructions. Details shall be given in the operating instructions.

6.1.6 Area classification

� Electrical components and installations shall be suitable for the area classification specified by the purchaser.
Classification of hazardous areas shall be in accordance with IEC 60079-10.

6.1.7 Arrangement of the turbine plant

The final arrangement of the turbine plant with all its appurtenances shall be developed jointly by the purchaser and
the supplier.
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6.1.8 Legal requirements

The purchaser and the supplier shall mutually determine the measures that shall be taken to comply with any
federal, state or local codes, regulations, ordinances or rules that are applicable to the equipment.

6.2 Casings

6.2.1 General design

The design of the casing and its pipe connections shall take into account the most severe conditions of pressure
and temperature which are to be expected to occur simultaneously based on the specified steam conditions. For
strength calculations and pressure tests, the casing may be subdivided.

In addition to the calculated minimum thickness of the casing, allowance shall be made for corrosion if the casing is
not of a corrosion-resistant material.

The casing design pressure shall take into account the maximum pressure specified by the purchaser relevant to
each external connection. The purchaser shall take into account the relief valve setting.

6.2.2 Materials

If not otherwise agreed upon between the purchaser and supplier, the supplier shall select the material for the
turbine casings under the following considerations.

a) Casings for steam turbines exposed to gauge pressures above 2,5 MPa (25 bar) or temperatures above 625 K
(352 °C) shall be made of steel.

b) Casings for steam turbines exposed to conditions lower than the above values but more than 0,5 MPa (5 bar)
or 535 K (262 °C) may be made of nodular cast iron as a minimum or of welded steel.

c) Casings for steam turbines exposed to conditions lower than 0,5 MPa (5 bar) or 535 K (262 °C) may be made
of lamellar graphite cast iron, nodular cast iron or of steel. At temperatures below 280 K (7 °C) cast iron may
not be used.

d) For gas expansion turbines, the purchaser and the supplier shall, because of the special conditions, agree
upon the materials to be used.

Structural welding used to join parts of the casing together shall be covered by a qualified procedure and post-weld
heat treatment. Information on International Standards on welding is given in the Bibliography.

Unless otherwise specified, all tests and inspections shall be carried out in accordance with the supplier’s own
standards. This information may be requested by the purchaser as part of the tender documentation. Information
on International Standards on testing materials is given in the Bibliography.

6.3 External forces and moments

The supplier specifies the thermal movements and allowable forces and moments for the terminal points. This
information may be requested by the purchaser as part of the tender documentation.

The external forces and moments shall allow safe operation of the turbine at each specified operating conditions
including standstill. The arrangement of the piping and calculations to consider the displacement of the pipe
connections and the allowable forces and moments are within the responsibility of the pipework designer and
pipework supplier. It is their responsibility not to exceed the allowable values.

The result of the pipework calculations including their basis shall be submitted to the turbine supplier for comments.
This does not reduce the above-mentioned responsibility of the pipework designer and supplier.
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6.4 Bolted joints

Metric threads shall comply with ISO 261, inch threads to ISO 263. Bolting joints with tensile shaft may have
threads with enlarged clearances.

Manufacturer-specific tapered threads may be used to reduce the thread load.

For casing joints, through bolts and stud bolts should be used. Where threaded holes have to be used, these shall
not extend into pressurized areas; the remaining wall thickness shall be sufficient to contain the pressure.

The materials of the casing bolts shall be selected considering the design temperature of the casing. The supplier
shall design the casing flange and its bolts with respect to:

� the allowable stress of the flange;

� the allowable stress of the bolts;

� the possible temperature differences between the flange and bolts;

� freedom from leakages at all specified operating points;

� an installation which is as simple as possible.

6.5 Turbine casing openings for pipe connections

6.5.1 For general design, see 6.2.1. However, the following general requirements shall apply, unless otherwise
specified.

6.5.2 External connection openings, pipes, fittings, flanges, etc. shall be at least of size DN 15 (DN is the
nominal diameter as defined in ISO 6708). Openings used for signal lines may be less than DN 15.

6.5.3 The connections on the casing shall be flanged or welded where possible. If stud bolts are used, they shall
be provided by the supplier together with the nuts.

For sizes DN 15 to DN 40, stub pipes welded to the casing and terminating in welded-on flanges are permitted. The
welding shall be covered by qualified procedures and post-weld heat treatment.

For threaded connections and screwed pipe couplings, see 6.5.6.

6.5.4 For poisonous, corrosive or inflammable gases, the number of threaded connections shall be kept to a
minimum.

6.5.5 Flanges shall be as specified in ISO 7005-1 and they shall be designed for at least PN 10 (PN is the
nominal pressure as defined in ISO 7268). For PN 64 and above they shall be of type B (raised face) or type J (ring
joint). Flanges up to PN 40 may be of type A (flat face).

There may be exceptions where the use of special flanges is unavoidable, for example for the outlet of condensing
turbines.

6.5.6 The use of threaded connections and terminations in screwed pipe couplings shall be kept to a minimum.

Threaded holes to which no piping is connected shall be at least plugged with heavy-duty steel plugs.

6.5.7 If terminal flanges are non-standard, they shall be provided with mating flanges by the turbine supplier. All
flanges for the connection of auxiliary lines furnished by the turbine supplier may be made according to the
supplier’s code of practice.

6.5.8 It shall be possible to disassemble the connections without the machine being moved.
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6.6 Turbine rotor

6.6.1 The rotor shall be designed for safe momentary operation under maximum operation temperature at a
speed which represents the normal overshoot above the trip speed and shall be at least 10 % above the trip speed.
If the rotor is of built-up construction, the disc shall remain secure at the speed selected for the design.

6.6.2 If the construction uses separate discs which can be removed during maintenance, the discs shall be
independently dynamically balanced prior to assembly.

6.6.3 Each rotor shall be clearly marked with an unique identification number. The number shall be visible,
preferably on a shaft end or the integrated coupling flange, when the uncoupled rotor is enclosed by the casing.

6.6.4 Special care and attention shall be paid to the treatment of sensing areas for radial and axial displacement
probes. If not otherwise specified, the sensing areas for radial-vibration probes shall be treated in such a way that
the combined total electrical and mechanical runout does not exceed 10 µm.

6.6.5 To prevent the build-up of potential voltage, the magnetism of the rotating element shall not exceed
10 � 10�4 tesla (10 gauss).

6.6.6 If there is a significant risk of circulating currents (e.g. condensing turbines), the rotor shall be fitted with at
least one grounding brush. This grounding brush may be installed either on the turbine shaft or on the rotor of the
driven machine, provided that the total train is electrically conductive throughout. If there are two or more brushes
on a shaft or train which is electrically conductive throughout, they shall be on the same end of the shaft or train to
prevent the generation of a circulating current. Worn brushes shall be easy to replace.

6.7 Casing internals

Casing internals shall be designed for operation under the most unfavourable specified conditions with
consideration of possible simultaneous effects. The supplier shall take into account transient periods, thermal
expansion, creep distortion, water erosion in saturated steam, etc.

6.8 Inner seals

The inner seals between stationary and rotating parts shall be non-contact seals (labyrinth seals). The seal
elements may be fitted to the stationary and/or the rotating parts. It shall be possible to replace the seal elements
during a routine major overhaul of the machine.

6.9 Balance piston and balance line

In single-flow turbines, especially of reaction type, a balance piston and balance line may be necessary to keep the
axial load on the thrust bearing within allowable limits. The balance piston may be designed either as a straight or
as a stepped piston.

In double-flow turbines where the flow is led through single stages or groups of stages in opposite axial directions,
a balance piston may be omitted or an intermediate seal between two turbine stages may assume the role of the
balance piston.

The balance piston shall be provided with a labyrinth seal as specified in 6.8.

6.10 Outer shaft seals

The function of the outer shaft seals is to minimize or to prevent steam or gas emission between the shaft and the
casing. In the case of gas-expansion turbines, the outer shaft seal shall prevent the escape to atmosphere of toxic,
inflammable or explosive gases.
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Essentially there are four types of seals in use:

� labyrinth seals;

� seals with mechanical contact;

� floating ring seals;

� non-contact face seals.

Shaft seals for steam operating against a pressure less than atmospheric pressure shall be designed for admission
of sealing steam to seal against air ingress. The admission of sealing steam shall be controlled throughout the load
range. A single terminal point shall be provided for connection to the purchaser's auxiliary steam system to provide
the sealing steam during starting. The sealing steam for normal operation shall preferably come from a positive
pressure section of the steam turbine. (See 8.5.)

For steam turbines, the need for a gland steam condenser or a similar system shall be agreed between the supplier
and purchaser, based on the agreed rate of steam leakage.

The gland seal system shall be designed to deal with any leakage which may occur under any expected service
condition.

6.11 Bearing and bearing housings

Bearing housings may be integral with the turbine casing or may be separately attached using a system to ensure
correct alignment with the casing during service and maintenance.

The type of hydrodynamic radial bearing shall be selected by the supplier, taking into account the requirements of
6.12.

Thrust bearings shall be of the hydrodynamic type, and shall have thrust load capacity in both directions. They shall
be steel-backed, with babbitted multiple segments, and arranged for continuous pressurized lubrication to each
side.

Thrust bearings shall be sized for continuous operation under the most adverse specified operating conditions and
shall be able to accommodate, in both directions, the forces transmitted from the shafts of the driven machines via
the coupling as well as the forces evoked by the turbine itself.

When using a toothed coupling, a coefficient of friction of at least 0,15 related to the coupling pitch radius shall be
applied for calculating the axial thrust to be transmitted.

Thrust forces for flexible-element couplings shall be calculated on the basis of the maximum allowable deflection
permitted by the coupling manufacturer.

Thrust bearings shall be arranged to allow axial positioning of each rotor relative to the casing and setting of the
clearance or preload of the bearings.

Unless otherwise specified, integral thrust collars shall be furnished. They shall be provided with at least 3 mm of
additional stock on the total thickness to enable refinishing if the collar is damaged. When replaceable collars are
furnished, they shall be shrunk on and positively locked to the shaft to prevent fretting.

The bearing housings shall prevent the oil from foaming, as far as is possible, and shall be arranged with adequate
gravity drainage to ensure that the oil level remains below the shaft and outer oil seals. Outer oil seals shall be
replaceable.

Bearings and end seals shall be replaceable without having to remove the upper casing of a horizontally split
turbine or the cover of a vertically split turbine.
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Provision shall be made for fitting two non-contacting vibration probes spaced at an angle of 90° � 10° adjacent to
each bearing. Unless otherwise agreed between the purchaser and supplier, provision shall be made for at least
one axial position probe within the thrust bearing housing and a probe for phase angle reference.

When specified, provisions for the mounting of accelerometers or seismic probes on the bearing houses shall be
made.

6.12 Dynamics

6.12.1 General

For terms and definitions, see ISO 2041.

Vibrations affect availability and safety, and can cause serious damage to equipment and structures. For
measurement of vibration and its interpretation, see the two series of International Standards:

a) ISO 7919-1, ISO 7919-2 and ISO 7919-3 when the vibration measurements are made on the rotating shafts;

b) ISO 10816-1, ISO 10816-2 and ISO 10816-3 when the vibration measurements are made on non-rotating
parts.

ISO 10816-1 and ISO 7919-1 are the basic documents which describe the general requirements for evaluating
vibration of various machine types.

ISO 10816-2 and ISO 7919-2 present the special features required for measuring vibrations on large land-based
steam turbine sets in excess of 50 MW when measured in situ.

ISO 10816-3 and ISO 7919-3 present the special features required for measuring vibrations on coupled industrial
machines with nominal power above 15 KW and nominal speeds of between 120 r/min and 15000 r/min when
measured in situ.

For definitions and explanations concerning dynamics, see annex A.

Vibration measurement are taken on shafts, bearing housings, or casings. The most significant locations for
vibration measurement shall be selected regarding the design details, including mass, stiffness and accessibility of
the parts. The supplier shall define the locations of the vibration measurements most suitable for the equipment.

Appropriate levels of vibration for the intended service shall be indicated by the supplier in terms of acceptable
commissioning and alarm levels, and levels where the turbine train shall be shut down immediately. Those levels
should be based upon the above listed International Standards or the limits given in 6.12.2.

The supplier who is specified to have unit responsibility shall determine that the drive-train critical speeds (rotor
lateral, system torsional, blading modes, and the like) are compatible with the critical speeds of the driven
equipment and that the combination is suitable for the specified operating speed range, including any starting
speed detent (hold-point) requirements of the train.

A list of all undesirable speeds, from zero to trip, shall be submitted to the purchaser for review and shall be
included in the instruction manual for guidance.

6.12.2 Vibration

If a shop test is specified, the following is valid. For a machine assembled with a balanced rotor and operating at its
maximum continuous speed or any other speed within the specified operating range, the peak-to-peak amplitude of
unfiltered vibration in any plane, measured on the shaft adjacent and relative to each radial bearing, shall not
exceed the following value or 50 µm, whichever is less:

max

12 000
25,4A

n
� � (1)
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where

A is the amplitude of unfiltered vibration, in micrometres peak to peak;

nmax is the maximum continuous operating speed, in revolutions per minute.

At any speed greater than the maximum continuous speed, up to and including the trip speed of the driver, the
vibration shall not exceed 150 % of the permissable value of A given by equation (1).

If the supplier can demonstrate that electrical or mechanical runout is present, a maximum of 25 % of the test level
calculated from equation (1) or 8 µm, whichever is greater, may be vectorially subtracted from the vibration signal
measured during the factory test.

6.12.3 Balancing

For terms and definitions, see ISO 1925.

For more precise details on possible balancing methods and criteria, see the following International Standards:

� ISO 1940 is concerned with the unbalance quality of rotating rigid bodies;

� ISO 11342 classifies flexible rotors in accordance with their balancing requirements and establishes methods
of assessment of residual unbalance.

Major parts of the rotating element, such as the shaft, balancing drum and disks, shall be dynamically balanced.
When a bare shaft with a single keyway is dynamically balanced, the keyways shall be filled with a fully crowned
half-key. The initial balance correction to the bare shaft shall be recorded. A shaft with keyways 180° apart but not
in the same transverse plane shall also be filled as described above.

For low-speed balancing, the rotating element shall be multiplane dynamically balanced during assembly. This shall
be accomplished after the addition of no more than two major components. Balancing correction shall be applied
only to the elements added. Minor correction of other components may be required during the final trim balancing
of the completely assembled element. On rotors with single keyways, the keyway shall be filled with a fully crowned
half-key. The maximum allowable residual unbalance per plane (journal) shall be calculated using equation (2):

U
W

n
U
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nmax
max

max ,
� � � �

F

HG
I
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650

6350
9 81 max

(2)

where

Umax is the residual unbalance, in gram millimetres;

W is the journal static weight load, in newtons;

nmax is the maximum continuous operating speed, in revolutions per minute.

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

After the final low-speed balancing of each assembled rotating element has been completed, a residual unbalance
check shall be performed.

If high-speed balancing (balancing in a high-speed balancing machine at the operating speed) is performed, the
acceptance criteria for this balancing shall be mutually agreed upon by the purchaser and supplier.

Electrical and mechanical runout shall be determined and recorded.
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6.13 Baseframe (baseplate) and soleplates

6.13.1 General

6.13.1.1 The provision of a baseframe shall be by agreement between the supplier and purchaser. When
specified, the supplier shall provide any sub-soleplates and anchor bolts required for embedment in the foundation.

Attachment components of baseframes, sub-soleplates and soleplates (screws, anchor bolts, keys, etc.) shall be
designed for forces and moments in accordance with those coming from any mounted machinery and equipment.

6.13.1.2 Where pedestals or stools are mounted on the baseframe, the surfaces used for alignment shall be
machined. Where a means of adjustment for alignment is necessary, this may be by screwed jacks or adjusting
plates with jacking screws. Provision for horizontal adjustment using suitable screws or jacks shall also be made
when the equipment has a supported mass of more than 500 kg.

6.13.1.3 The turbine support system shall be designed to limit the change in alignment due to the worst
combination of pressure, torque and pipe loads to a value agreed by the purchaser.

6.13.1.4 Adequate working clearance shall be provided at the bolting locations to allow the use of sockets and
to allow movement of the equipment using the horizontal and vertical jackscrews.

6.13.1.5 Where soleplates are provided, they shall be larger than the individual mounting pad area for each
mating pad.

6.13.2 Baseframe (baseplate)

6.13.2.1 Where a baseframe is to be provided, the design shall be agreed between the supplier and the
purchaser. In relation to the general dimension of the set, there may be a common baseframe for the turbine and
the driven machine, or two individual baseframes.

Some options for consideration are: the extent of the baseplate; the type of support required; baseplates including
oil tanks; provision for aligning and connecting separate baseplates on site.

6.13.2.2 The baseframe shall be provided with at least four lifting lugs and it shall be possible to lift it without
any permanent distortion or damage to either the baseframe or the baseframe-mounted equipment.

6.13.2.3 Levelling pads shall be provided that are accessible for field levelling after the installation of the
baseframe with all the equipment mounted. When the bottom of the baseframe is open, provision shall be made to
vent compartments during grouting.

6.13.2.4 Nonskid decking shall cover all walk and work areas on top of the baseframe.

6.13.2.5 Unless otherwise specified, baseframes shall be fabricated from welded steel plates or rolled steel
bars (beams).

6.14 Nameplates and rotation arrows

The turbine shall be supplied with a nameplate made of corrosion-resistant material. As a minimum, the following
information shall be given on this plate:

� manufacturer’s name;

� serial number/order number;

� model number (type);

� year of manufacture;
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