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INTERNATIONAL ELECTROTECHNICAL COMMISSION

STEAM TURBINES -
Part 1: Specifications

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60045-1 has been prepared by IEC technical committee 5: Steam
turbines.

This second edition cancels and replaces the first edition published in 1991. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Scope clarification and boundaries of applicability;

b) general update to state-of-the-art technology;

c) integration of product safety: Clause 5;

d) integration of automation, incorporating the former annex on electronic governors:
Clause 11;

e) Informative Annex A on welding added. Documents
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The text of this International Standard is based on the following documents:
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FDIS

Report on voting

5/231/FDIS

5/232/RVD

Full information on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60045 series, published under the general title Steam turbines,

can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Full document details: IEC 60045-1-2020
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INTRODUCTION

The first edition of IEC 60045 was issued in 1931. Subsequent revisions were made, the last
being in 1991. In daily practice this document has added tremendous value throughout the
years giving guidance in the tendering processes for steam turbines worldwide. Intensive
development has resulted in new specific application requirements, the availability of more
highly rated turbines, and tremendous advances in automation and control. The new revision
of this document was consequently driven by the motivation to close the gap to available
technology and a wish to provide a single standard valid for a wide range of industrial and
utility steam turbine applications.

Specifically, in the beginning of the 21St century renewable energy sources are rapidly taking
shares on the electricity market and steam turbines play an important role in the shift of
energy systems:

— They are key components for new power plant concepts as for concentrated solar power
(CSP), for geothermal power or in combined heat and power applications;

— They are requested to provide flexible thermal backup power generation with high
efficiency (combined cycle) to compensate the increased volatility of the electrical grids;

— Higher steam parameters are technically viable and contribute to more efficient utilisation
of energy sources and investments.

In the area of automation and controls the integration of relevant safety standards was
necessary and a complete new Clause 5 is dedicated to this. Also, automation itself has
formed its own Clause 11 integrating the former aspects of governing, controls,
instrumentation and protection paving the way towards digitalization of power plants.

The overall structure of the document is intentionally kept close to the former revision to
promote seamless application of the document.

Wherever practicable, this document takes into account the scope for applying to smaller
turbines developments originally intended for larger machines, without implying that such
applications would always be necessary or advantageous.

Documents
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STEAM TURBINES -

Part 1: Specifications

1 Scope

This part of IEC 60045 is applicable primarily to land-based horizontal steam turbines driving
generators for electrical power services. Some of its provisions are relevant to turbines for
other applications. Generator, gear box and other auxiliaries which are considered as a part
of the system are also mentioned in this document. Detailed specifications for this equipment
are not included in this document.

The purpose of this document is to make an intending purchaser aware of options and
alternatives which it may wish to consider, and to enable it to state its technical requirements
clearly to potential suppliers. Consequently, final technical requirements will be in accordance
with an agreement between the purchaser and the supplier in the contract.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60034-3, Rotating electrical machines — Part 3: Specific requirements for synchronous
generators driven by steam turbines or combustion gas turbines

IEC 60079 (all parts), Explosive atmospheres

IEC 60204-1, Safety of machinery — Electrical equipment of machines — Part 1: General
requirements

IEC 60953 (all parts), Rules for steam turbine thermal acceptance tests

IEC 61000-6-2, Electromagnetic compatibility (EMC) - Part 6-2: Generic standards -
Immunity standard for industrial environments

IEC 61000-6-4, Electromagnetic compatibility (EMC) - Part 6-4: Generic standards -
Emission standard for industrial environments

IEC 61064, Acceptance tests for steam turbine speed control systems

ISO 1940, Mechanical vibration — Balance quality requirements for rotors in a constant (rigid)
state

ISO 7919-3, Mechanical vibration — Evaluation of mechanical vibration by measurements on
rotating shafts — Part 3: Coupled industrial machines

ISO 10494, Turbines and turbine sets — Measurement of emitted airborne noise -—
Engineering/survey method

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

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 12100:2010, Safety of machinery — General principles for design — Risk assessment and
risk reduction

ISO 13850, Safety of machinery — Emergency stop — Principles for design

ISO 20816-1, Mechanical vibration — Measurement and evaluation of machine vibration —
Part 1: General guidelines

ISO 20816-2, Mechanical vibration — Measurement and evaluation of machine vibration —
Part 2: Land-based gas turbines, steam turbines and generators in excess of 40 MW, with
fluid-film bearings and rated speeds of 1 500 r/min, 1 800 r/min, 3 000 r/min and 3 600 r/min

ISO 21940-31, Mechanical vibration — Rotor balancing — Part 31: Susceptibility and sensitivity
of machines to unbalance

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
31 Turbine types

3.1.1

high-pressure turbine

HP turbine

turbine as classified by manufacturers with high pressure level of steam admission

3.1.2

intermediate-pressure turbine

IP turbine

turbine as classified by manufacturers with intermediate pressure level of steam admission

3.1.3

low-pressure turbine

LP turbine

turbine as classified by manufacturers with low pressure level of steam admission

3.1.4
superheat turbine
turbine whose initial steam is significantly superheated

3.1.5

wet-steam turbine

saturated-steam turbine

turbine whose initial steam is saturated or nearly so Documents
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3.1.6
supercritical turbine
turbine whose initial steam pressure is higher than the critical pressure of water

Note 1 to entry: For turbines with higher steam inlet parameters non-standardized naming as ultra supercritical
turbine is in use.

3.1.7

reheat turbine

turbine from which the steam is extracted part-way through the expansion, reheated (one or
more times) and readmitted to the turbine

3.1.8
mixed-pressure turbine
turbine provided with separate inlets for steam supplied at two or more pressures

3.1.9

back-pressure turbine

turbine whose exhaust heat typically will be used to provide process heat (eg. industrial
process, district heating, post combustion carbon capture system and desalination), and
whose exhaust is not directly connected to a condenser

Note 1 to entry: The exhaust pressure will normally be above atmospheric pressure.

3.1.10
condensing turbine
turbine whose exhaust is directly connected to a condenser

Note 1 to entry: The exhaust pressure will normally be below atmospheric pressure.

3.1.11

heating turbine

turbine which delivers heat to an external process, where its exhaust steam is connected to a
heat exchanger / steam condenser whose pressure varies from vacuum to overpressure

EXAMPLE District heating, industrial process heating and air conditioning.

3.1.12

regenerative-cycle turbine

turbine from which some of the steam is extracted part-way through the expansion in order to
heat feedwater

3.1.13

extraction turbine

turbine in which some of the steam is extracted part-way through the expansion using internal
pressure control means for the extracted steam

Note 1 to entry: The control means are located inside the turbine flow path or in a cross-over line between turbine
sections. The target is to provide process steam.

EXAMPLE Plant regenerative cycle use, industrial process, district heating, post-combustion carbon capture
system and desalination.

Note 2 to entry: Control of extraction pressure can be internal, external or combined internal/external. For
externally controlled extractions the control means are located in the extraction steam line. The aim is to control
steam parameters downstream of the control means, i.e. on the process side. In this case the turbine is not called
an extraction turbine.

Note 3 to entry: If no means for controlling the pressure are used, this steam line is called a bleed, and the
turbine is not called an extraction turbine.
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3.1.14

combined-cycle turbine

combination of boiler, steam turbine and gas turbine, in which the gas turbine exhaust
normally contributes to the heat input to the steam cycle

3.1.15
single-shaft combined-cycle turbine
combined-cycle plant in which the steam turbine and gas turbine both drive the same generator

3.1.16

multi-shaft combined-cycle turbine

combined-cycle plant in which the steam turbine and gas turbine each drive their own
independent generator

3.2 Methods of initial steam admission

3.2.1

full-arc steam admission

steam admission whereby all of the control valves supply steam uniformly to the admission
inlet belt of the first stage

3.2.2

partial-arc steam admission

steam admission whereby the inlet belt to the first stage is divided into discrete arcs of
admission, steam being supplied separately to each arc through, normally, one governing
valve; governing valves operate wholly or partially in sequence

3.3 Interfaces and terminal conditions

3.3.1
interface
location at which information needs to be exchanged in order to specify the steam turbine

Note 1 to entry: This document defines minimum requirements on data exchange at these locations and they shall
be described at terminal conditions. This document does not provide technical solutions as to how those
requirements shall be met.

The relevant interfaces are:

1. Power output interface

2. Steam admission interfaces

2.1 Initial (main) steam admission
2.2 Reheat steam admission

2.3 Other induction steam admission
3. Steam exits

3.1 Condensing exhaust

3.2 Backpressure exhaust

3.3 Bleeds

3.4 Controlled extractions

4. Auxiliary systems

5 Foundation

6. Shafts

7 Environment (noise, vibration, seismic loads, wind loads, snow loads, temperature, humidity, dust and

explosive atmosphere)

Figure 1, Figure 2 and Figure 3 illustrate schematically steam turbine configurations and interfaces. The interface
lines indicate the limits of the scope of this document. Interfaces to auxiliary systems and control systems are not
included in this example, but are also within the scope of this document. Systems and components outside of the
interface lines shall be covered by other standard(s) and matching of the requirements from different ndard(s) at

the interfaces shall be achieved. OcumentS
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Figure 3 — Single shaft combined cycle with multi casing steam turbine interfaces

3.3.2
terminal condition
condition imposed on the plant at their terminating points of the contract

Note 1 to entry: These may typically comprise:

. initial and reheat steam conditions;

e cold reheat pressure;

o final feedwater temperature (for regenerative-cycle turbines);
e exhaust pressure;

e  power output;

. rotor speed;

e extraction requirements.

3.3.2.1

specified terminal condition

rated terminal condition

condition at the terminating points of the turbine or turbine-generator contract, with which
specified output and/or heat rate shall be stated and/or guaranteed

Note 1 to entry: Some nuclear steam generators supply steam at a pressure which increases as load reduces,
and the turbine design shall allow for this.

3.3.2.2

steam condition

condition which defines the thermodynamic state of steam, normally (static) pressure and
temperature or dryness fraction (or steam content)

Note 1 to entry: Steam pressure should always be quoted in absolute units, not as gauge pressure.
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3.3.2.3
initial steam condition
steam condition at inlet to the main stop valves

Note 1 to entry: Also called main steam or live steam.

3.3.24
maximum steam condition
highest steam condition at which the turbine is required to operate continuously

3.3.2.5
maximum peak steam condition
absolute highest steam condition which may occur for limited duration

Note 1 to entry: These steam conditions may be specified for any connection point to the steam turbine. For some
locations explicit values are given in this document.

Note 2 to entry: The highest steam conditions should not exceed those permitted by 6.2, 6.3, and 6.4.

3.3.2.6

induction steam condition

steam condition of any additional steam entering the turbine at any pressure lower than the
initial steam pressure

3.3.2.7
dual steam condition
combination of initial and induction steam conditions appropriate to a mixed-pressure turbine

3.3.2.8
reheat steam condition
steam condition at the inlet to the reheat stop valves

3.4 Speeds

3.41
rated speed
speed at which the turbine is specified to operate at its rated output

3.4.2
maximum continuous speed
upper limit of the operating speed of the turbine for continuous service

3.4.3
overspeed trip setting
speed at which the overspeed trip is set to operate

3.44

temporary speed rise

transient increase in turbine speed following a load rejection, with the speed governing
system in operation

Note 1 to entry: The rated temporary speed rise applies if the rated output is rejected at the rated speed.

3.4.5

maximum transient speed

maximum rotational speed following rejection of maximum capability by disconnecting the
generator from the electric system (with auxiliary supplies previously disconnected) and the
speed control system in operation
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3.4.6

maximum speed rise

transient increase in turbine speed following a load rejection, with the speed governing
system inoperative and the overspeed trip operative

Note 1 to entry: The rated maximum speed rise applies if the rated output is rejected at rated speed.
3.5 Powers

NOTE All these powers or outputs refer to operation of the turbine at rated terminal conditions (except where
stated otherwise).

3.5.1

power

output

load

power supplied by the turbine or its driven generator

Note 1 to entry: The definition should state the position of measurement and any deductions for losses or
auxiliary power.

3.5.2

net power at coupling

power at the turbine coupling, less the power supplied to turbine auxiliaries if driven
separately

3.5.3
generator output
power at the generator terminals, after the deduction of any external excitation power

3.5.4

maximum continuous rating

MCR

rated output

rated power

rated load

<electrical generating set>

power output assigned to the turbine-generator by the supplier, at which the unit may be
operated for an unlimited time, not exceeding the specified life, at the specified terminal
conditions

Note 1 to entry: The control valves will not necessarily be fully open.

3.5.5

maximum capability

valve wide open

VWO

power output that the turbine can produce with the control valves fully open and at the
specified terminal conditions

Note 1 to entry: For steam turbines implemented in combined-cycle power plants the maximum capability is
additionally determined by increased power output of the gas turbine(s) at low ambient temperature or by
supplementary firing capacity of the heat recovery steam generator (if applied).

3.5.6

maximum overload capability

maximum power output that the unit can produce with the control valves fully open, and with
the terminal conditions specified for overload, for example with final feedwater heater
bypassed, or with increased initial steam pressure
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3.5.7

most economical continuous rating

ECR

output at which the minimum heat rate or steam rate is achieved at the specified terminal
conditions

Note 1 to entry: This rating can also carry a guarantee of heat rate.

Note 2 to entry: A separate ECR is typical for turbines with constant pressure or nozzle control mode. In other
applications the ECR can be equivalent to VWO or MCR.

3.5.8

net electrical power

generator output (with external excitation power deducted) minus the electrical auxiliary
power

3.6 Steam flow rate and steam rate

3.6.1

initial steam flow rate

flow rate of steam at initial conditions to the turbine, including any steam supplied to valve
stems, glands, or balance pistons, and any steam supplied to auxiliary plant such as boiler
feed pump turbines, steam/steam reheaters, ejectors, etc.

3.6.2
steam rate
ratio of initial steam flow rate to power output

3.7 Heat rates
NOTE See also IEC 60953, where the definitions are given in greater detail.

3.71
heat rate
ratio of external heat input to the cycle to power output

Note 1 to entry: This is the reciprocal of thermal efficiency.

3.7.2

guarantee heat rate

heat rate upon which the guarantee or offer is based for a stated output with the rated
terminal conditions, and for the cycle described in 17.3 and 17.4

Note 1 to entry: Any assumption with regard to extraneous flows, make-up, heat addition or removal, shall be
stated. In all cases, the formula used to define the heat rate shall be stated in the contract.

3.7.3

fully corrected heat rate

heat rate which would have been achieved during the test if the terminal conditions had been
as specified, and all ancillary plant outside the supplier's responsibility had performed exactly
in accordance with its guarantee

3.8

thermal efficiency

reciprocal of heat rate, and therefore defined as the ratio of power output to external heat
input to the cycle

Note 1 to entry: If guaranteed, the definition of thermal efficiency shall be stated in the contract.
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3.9 Operational regimes (modes)

3.91

base-load operation

operation at maximum continuous rating (MCR) or a high fraction of this throughout a
prolonged period

3.9.2

two-shift operation

operation at MCR or a high fraction of this for about 16 h or less out of 24 h per day, the
remaining time being shut down

3.9.3

one-shift operation

operation at MCR or a high fraction of this for about 8 h out of 24 h per day, the remaining
time being shut down

3.9.4
load cycling
operation alternating between high and low levels of load on a regular basis

3.9.5
daily cycling
operation alternating between high and low levels of load or shut down on a daily basis

3.10 Methods of load variation

3.10.1

constant-pressure operation

operation in which the initial steam pressure is maintained substantially constant, and where
load is reduced by gradually closing the control valves either in parallel (full-arc admission) or
in sequence (partial-arc admission)

3.10.2
sliding-pressure operation
operation in which load is changed by variation of the initial steam pressure and mass flow

Note 1 to entry: The control valves, which operate in parallel, all remain at their fully-open position, therefore the
initial mass flow and pressure are approximately proportional whereas the volume flow remains constant.

3.10.3

modified sliding-pressure

operation in which load changes in the range from 100 % to about 90 % of rated output are
achieved by operating all the control valves in parallel, the initial steam pressure remaining
constant; below about 90 % of rated output changes of load are, where practicable, achieved
by variations of the initial steam pressure and mass flow, while the control valves remain near
the position corresponding to 90 % of rated output

3.10.4

hybrid operation

operation of a partial-arc admission machine in which load is reduced by sequential closing of
the control valves to a value corresponding to the minimum allowable number of control
valves remaining fully open, the initial steam pressure remaining constant

Note 1 to entry: Further reduction of load is achieved by reduction in initial steam pressure while those control
valves that are open remain at or near their fully-open position.
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3.10.5

overload valve

oLv

valve or set of valves to admit steam to a steam turbine at a different location other than that
of a control valve, also called stage valve

3.10.6

overload valve operation

OLV operation

operation to admit steam to the turbine through OLV(s) in order to generate larger output

Note 1 to entry: This may be used to provide a primary or secondary response profile from the steam generator.
The profile and requirements shall be discussed and agreed between purchaser and manufacturer in the contract.

3.10.7

throttle control

operation of the control valves in parallel, or nearly so, this being the normal control mode of
a full-arc admission turbine in constant-pressure operation

3.10.8

nozzle control

closure of the control valves in sequence, this being the normal control mode of a partial-arc
admission turbine in constant-pressure operation

3.11 Operational life

3.111

lifetime

design life

time period for which the turbine is designed to operate with planned maintenance but without
replacement of a significant component, like a rotor

3.11.2

running hours

operating hours

OH

number of hours during which steam is admitted to the turbine

3.12 Control and protection

3.121

control system

combination of devices and mechanisms which convert control signals into valve positions in
a characteristic manner

Note 1 to entry: This includes the sensors, the electronic control system and any steam valve operating devices.

Note 2 to entry: A fully mechanical governor system includes the speed governor, the speed control mechanism,
the speeder device (speed changer), and the unloading systems in lieu of the sensors and the electronic control
system.

3.12.2
steady-state condition
condition which has constant mean values of speed and load with limited random deviations

3.12.3

droop

steady-state speed regulation

steady-state speed change expressed as a percentage of rated speed, when the load of an
isolated unit is changed between rated load and zero load, with identical setting of the speed
control system, assuming zero dead band Documents
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3.12.4

incremental droop

steady-state incremental speed regulation

rate of change of the steady-state speed with respect to load at a given steady-state speed
and load, assuming zero dead band

Note 1 to entry: The value is the slope of the tangent to the steady-state speed/load curve at the load under
consideration.

3.12.5

dead band of speed control

total magnitude of the change in steady-state speed (expressed as a percentage of rated
speed) within which there is no resultant change in the position of the control valves

Note 1 to entry: The dead band is a measure of the sensitivity of the system.

3.12.6

maximum load non-linearity

maximum deviation in load, expressed as a percentage of rated load, of the load-speed curve
from the straight line corresponding to the overall speed droop, when operating under defined
conditions of control equipment environment (e.g. temperature, humidity) and power supply
(e.g. voltage, oil pressure)

3.12.7

short-term stability

change in demanded load, expressed as a percentage of rated load, for any fixed set point
and speed over any period of 30 min for which the ambient conditions are within the defined
envelope

3.12.8

long-term stability

change in average demanded load, expressed as a percentage of rated load, for fixed set
point and speed between two periods of 30 min at an interval of 12 months

Note 1 to entry: For both test periods the ambient conditions should be within the required envelope, but may not
necessarily be closely similar.

4 Guarantees

4.1 General

Guarantees of several kinds may be stated in the contract, for example on efficiency, heat (or
steam) rate, output, swallowing capacity or auxiliary power. Guarantees may also be required
for characteristics such as control system functions, vibration levels, start up times,
availability, reliability or noise. All guarantees together with their provisions shall be stated
and formulated completely and without ambiguity.

4.2 Thermal performance guarantees
4.2.1 Performance codes

The IEC 60953 series contains the reference code and the supplementary codes for the
performance test. The order of precedence will be (i) Contract (ii) Supplementary Code (iii)
Reference code.

4.2.2 Turbine plant thermal efficiency or heat rate or steam rate

The guarantee heat (or steam) rate is given on the assumption that the acceptance tests shall
be in accordance with the provisions of the appropriate performance codes including the need
for agreement of correction procedures. The contract shall state which Perforrpg:ppgments
code will be applied. Unless other performance test codes are specified, I=C 509537(
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shall be applied. The turbine plant thermal efficiency or heat rate or steam rate guarantee
may, for example, be confined to one specified load or to their weighted values at a series of
loads, in accordance with the terms of the contract.

The guaranteed value is based on thermodynamic boundary conditions. This condition shall
be specified and agreed between the purchaser and the supplier. The thermodynamic
boundary conditions may be shown in a heat balance diagram or a table.

Where the condenser or regenerative feedwater heaters are not included in the turbine
supplier's contract, the purchaser shall supply with its specification a diagram of the
feedwater heating system together with sufficient information to enable the heat rate
guarantees of the complete set to be formulated. Alternatively, the supplier shall state in its
tender the number of heaters, valve losses, piping losses, pump losses and distribution of the
feedwater heaters, the feedwater heater terminal temperature differences, and the pressure
differences between the turbine and the heaters which have been used in formulating the
guarantee and any other auxiliary equipment which has an effect on the heat rate not included
in the turbine suppliers contract.

The turbine supplier shall be given the opportunity of adjusting its guarantees should the
feedwater heating system finally agreed upon differ from the system on which the guarantee
was based.

Similar steps shall be taken in wet-steam turbines where either the moisture separators, or
the re-heaters, or both, are not included in the turbine contract.

Where regenerative feedwater heaters are included, the requirements in 18.4 shall be applied.

The purchaser and the supplier shall find a clear definition of the guaranteed value (for
example heat rate, steam rate or power output definition).

4.2.3 Output or steam flow capacity

The turbine shall demonstrate that it provides its rated output, or alternatively its rated steam
flow capacity, when the terminal conditions are as specified in the contract. The test shall be
carried out in accordance with the provisions of the relevant code in 4.2.1.

4.2.4 Auxiliary plant power

If a guarantee is given on the power consumption of a continuously running auxiliary plant, a
list of such plant items shall be agreed. The power consumption of each such item shall be
either measured when the turbine is at specified output and specified terminal conditions or
as otherwise agreed between the purchaser and the supplier.

4.2.5 Steam tables
The steam tables or formulae to be used for the guarantees and the computation of test

results shall preferably be based on the Industrial Formulation IAPWS-IF97 published by the
International Association for the Properties of Water and Steam (IAPWS).

The steam tables or formulae shall be agreed upon by the purchaser and the supplier, and
shall be stated in the contract.

For steam turbine retrofit, the steam table shall be agreed between the purchaser and the
supplier according to IEC 60953-3.

4.2.6 Tolerances

Commercial tolerances are not within the scope of this document. Documents
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4.2.7 Ageing

Thermal performance guarantees are given for new and unused equipment. Any allowance to
be made for the effect on the fully corrected heat rate, steam rate or thermal efficiency due to
the lapse of time since first steam admitted to the turbine shall be made by prior agreement
between purchaser and supplier, and shall be in accordance with the provisions of
IEC 60953 (all parts) or supplementary code.

5 Product safety

5.1 General

This Clause 5 addresses the risks of injury or death to humans and risks to the environment.
Equipment damage without risk to humans or the environment is not covered.

The overall objective of "product safety" is to ensure that equipment is designed and
maintained throughout its life to attain an appropriate level of safety for its intended
application.

The steam turbine and its auxiliary systems should comply with applicable international,
national and local safety requirements during all life cycle phases.

To achieve these objectives of product safety, the process defined in ISO 12100:2010 shall be
applied. Application of another equivalent code may be agreed between the purchaser and
the supplier.

The content of this document should not prejudice technical advances in the field of steam
turbine safety or be used to inhibit innovation that can lead to increased safety.

One of the aspects of this process is the performance of an overall risk assessment of the
complete steam turbine scope and the definition and validation of the appropriate risk
mitigations throughout its lifetime.

The required level of risk mitigation shall be based on a risk assessment.

Risk assessment of the complete turbo set (turbine and generator) does not fall within the
scope of the turbine supplier, but within that of the supplier of the complete turbo set.

The participation of parties in a risk assessment, for example, a hazard and operability study
(HAZOP) shall be requested in the technical specification. See also 17.14.

5.2 Risk assessment
5.2.1 General

Risk assessments shall be performed to determine whether the steam turbine and associated
equipment within the scope of supply can cause injury to people or pose a threat to people's
lives.

The content of the risk assessment process should, as a minimum, address the safety issues
raised within ISO 12100:2010 and include the intended use and the reasonably foreseeable
misuse over the life cycle of the steam turbine.

5.2.2 Limits of the assessments

The limits of the assessment shall present the limits of the equipment and the intended use

defined in this document. Documents
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Where appropriate, the purchaser shall define the performance parameters at the interfaces
which need to be considered as a basis of the risk assessment. The interfaces can be:

— mechanical interfaces (e.g. steam inlet connections, extraction connections, condenser
connection, auxiliary piping connections);

— process conditions at the mechanical interfaces if not yet required by another clause of
this document (e.g. live steam supply, reheat steam supply, cold reheat conditions, gland
steam supply, control air supply, water supply);

— electrical interfaces (e.g. power supply);

— installation conditions (e.g. ambient conditions, additional explosive area definitions);
— intended lifetime;

— intended functionality defined with the operation concept;

— intended functionality defined with the inspection and maintenance concept.
5.2.3 Definition of hazards to be considered

ISO 12100:2010, Annex B, defines examples of hazards. The risk assessment shall cover as
a minimum these examples but shall consider in addition other possible hazards relevant for
this product.

5.2.4 Hazard identification

The hazard identification shall be performed for the design of the equipment as well as for the
overall lifetime phases of the equipment.

Equipment and protective systems shall be designed and manufactured after due analysis of
possible operating faults to preclude dangerous situations due to the consequences of
reasonably foreseeable misuse.

5.2.5 Risk estimation

Refer to ISO 12100:2010, 5.5.

The risk shall be estimated by an appropriate method according to the supplier definition.

NOTE 1 Safety is achieved by reducing risk to a tolerable level. Tolerable risk is determined by the search for an
optimal balance between the ideal of absolute safety and the demands to be met by a product, process or service
and factors such as benefit to the user, suitability for purpose, cost effectiveness and conventions of the society
concerned. It follows that the tolerable level is reviewed continually, in particular when developments, both in
technology and in knowledge, lead to economically feasible improvements. With this the minimum risk compatible
with the use of the product, process or service is attained.

NOTE 2 IEC 61511-3:2016 outlines quantitative methods for risk assessment. IEC 61508-5:2010 outlines
qualitative methods for risk assessment for the purposes of determining SIL levels.

Where the reduction of potential hazards to a tolerable level of risk for components and/or
equipment not associated with Safety Instrumented Functions (SIFs) is required, an
appropriate quantitative or qualitative risk assessment or a mixture of both methods shall be
used, where applicable, to ensure that a tolerable level of risk is achieved.

NOTE 3 In addition to the references in NOTE 2, detailed guidance on the risk assessment process and some of
the techniques that can be used are given in [IEC 60812, IEC 61025, IEC 61882 and ANSI B11.TR3.

The level of risk obtained shall assume that the requirements of this document are being
adhered to and that the operation and maintenance procedures ensure that the obtained
levels of risk are maintained.

For quantitative risk assessments associated with the steam turbine(s) and the associated
plant, for guidance see HSE Research report 703 or VDMA 4315-1 and VDMA 431%5.
ocuments
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NOTE 4 IGE/SR/15, Edition 4, Section 3, provides guidance on exposure to several hazards at one location.

For risk assessments care should be taken to ensure that the parameters used are clearly
defined so that objective judgments can be made, and that the values used for each
parameter are appropriately calibrated to ensure that they are valid for the assessment being
undertaken.

NOTE 5 IEC 61511-3:2016, Clause D.3, outlines the calibration process in the context of a risk graph and the
principles described equally apply to other qualitative methodologies.

NOTE 6 Further guidance on individual levels of risk can be found in IGE/SR/15, Edition 4, Section 3.
5.3 Risk reduction

Risks identified during risk assessment shall be mitigated; the following three levels of risk
reduction or mitigation are applied in the order shown:

— Elimination of the risk by design measures;

— Safeguarding by either passive protection measures (e.g. protection covers) or active
protection measures (e.g. automatic protection intervention if preset limit values are
exceeded);

— Communicate the residual risk to the operator by instructions to reduce the risk to a
tolerable level.

Where risk reduction measures are undertaken it is essential to ensure that additional
measures do not introduce additional hazards.

The risk mitigation measures shall apply the "state of the art" of the specific measure.

Specific local regulations with an impact on the risk mitigation shall be specified by the
purchaser with the technical specification during the offer phase, for example pressure vessel
requirements, explosion protection requirements, electrical equipment regulations, regulations
for lifting devices.

For risk reduction achieved by active protection mitigations, it is recommended to apply the
assessment rules on "Functional Safety" in accordance with IEC 61511:2016 and by
introducing the Safety Integrity Levels (SIL).

NOTE 1 For example, the calibrated risk graph defined for turbo machineries according to VDMA 4315-5 can be
applied.

A potential hazard can be reduced to a tolerable level by means of a safety related control
function. In this case a qualitative or quantitative risk assessment method shall be applied to
define the corresponding safety requirements of the protection system (see 11.4).

NOTE 2 Access distances to moving parts which can lead to a risk are defined in ISO 13857.
5.4 Interface descriptions

The design limitations at the interfaces shall be communicated by the supplier with
appropriate documentation during the engineering phase (e.g. allowable pipe actions, steam
quality of gland steam supply, control air quality, foundation loads) (see Clause 18).

In addition, risk mitigation measures considered in the overall risk assessment with a risk
reduction factor but not verified by the supplier shall be communicated to the interface partner
along with the appropriate documentation. This shall be done during the engineering phase
(e.g. reliability requirements for external systems to achieve a defined SIL) but may be also
part of the Operating and Maintenance manual (inspection requirements during maintenance,
operational tests to maintain a certain SIL). It is the obligation of the purchaser to verify these
requirements.
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5.5 Documentation

The risk assessment shall be documented. The documentation remains with the supplier and
is not required to be submitted to the purchaser.

The supplier shall ensure long-term storage of internal documentation relevant to product
safety. Unless otherwise specified or required by law the data shall be kept at least 10 years.

6 Operation and maintenance

6.1 Normal operation
6.1.1 General

For normal operation, the characteristics of the turbine shall be such that the turbine and
driven machine can be run in parallel with any existing machines provided the latter can run
correctly in parallel with each other and possess no abnormal features either individually or
collectively.

6.1.2 Start-up categories

Start-ups of superheat turbines may be classified into various categories according to the
thermal condition of the turbine at the time. The true ruling criteria are the metal temperatures
to which the various components (such as the HP inner casing) have cooled, but it is also
usual to classify the starts in terms of the time elapsed since previous operation; the features
which follow give typical correlations, and may be taken for guidance.

Typical start-up categories are:
a) start from ambient conditions, i.e. start from very cold condition after major outage of the
steam turbine (metal temperatures close to ambient temperature);

b) cold start, after a shut-down period exceeding 72 h (metal temperatures below
approximately 40 % of their full-load values in °C);

c) warm start, after a shut-down period of between 10 h and 72 h (metal temperatures
between approximately 40 % and 80 % of their full-load values in °C);

d) hot start, after a shut-down period of less than 10 h (metal temperatures above
approximately 80 % of their full-load values in °C);

e) very hot restart, within 1 h after a unit trip (metal temperatures at or near their full-load
values).
6.1.3 Specification of load collective

The purchaser shall specify the following duties for which the turbine shall be designed:

a) the number of starts in each of the start-up categories in 6.1.2 (per operational life);

In the absence of the purchaser's requirements in this respect, the supplier shall state the
number of each type of start for which the turbine is designed. For optimized design it is
important to agree on a realistic number of starts of different categories during operational
life.

b) the number of major load cycles (per operational life);

A major load cycle is characterized by a significant change in steam temperature (typically
larger than 50 K) leading to significant stress accumulation in turbine components.

The number of load cycles with less change in steam temperature shall also be specified if
frequent occurrence of significant changes in steam temperature (more than once per
week) is expected.
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c) the rate of load and steam temperature change required for each class of significant load
cycle, taking into account any limitations in other parts of the plant, such as the steam
generator.

NOTE The permitted rate of load change, and the significance of a load cycle, are related to the
characteristics of the steam generator (see 6.1.5) and to the mode of turbine operation during each load
change (i.e. throttle-control or nozzle-control), as well as to the particular turbine design. Rapid changes of
steam temperature within the turbine (e.g. > 50 K), which during load changes can depend on all of these
factors, can lead to undesirably high thermal stresses in some components, and hence to excessive reduction
in their lifetime.

In addition to the major load cycles defined, further minor variations from stable conditions
(i.e. increments of less than 10 % of MCR) can be accepted, and these need not be stated.

d) the required load collective shall be specified by the purchaser with regard to specified
operational life of the steam turbine, which is typically 25 years.

6.1.4 Start-up time

The supplier shall provide start-up times, which are compliant to the specified load collective,
and a large load collective may need to be compensated with slower start up transients.

The start-up time of the steam turbine is defined from first steam admission (opening of
admission steam valve) until a specific generator electric power output is reached. Often it is
not practical to use nominal generator output, due to plant-specific time delay in steam
generation and ambient conditions. Instead of generator load bypass stations, closed
positions could be used where appropriate.

The time for achievement of preconditions for start-up release, such as steam quality
achievement, evacuation of condenser, as well as time for synchronization are not included.

In order to measure the relevant start-up time, for example for guarantees, it may be useful to
specify different plant conditions for the beginning and/or completion of the start-up period,
which in that case shall be clearly defined by the supplier and agreed by the purchaser.

6.1.5 Steam generator characteristics

The purchaser shall provide, bona fide, the characteristics of the steam generator, to include
the variation in pressure and initial and reheat temperatures with steam flow rate, for all of the
start categories, load cycles and shutdown regimes envisaged.

In particular, the purchaser shall inform the supplier about required operation modes, which
may be sliding pressure operation mode, constant pressure operation mode or modified
sliding pressure operation mode or hybrid operation mode. In the event that the purchaser has
requirements as to minimum boiler pressure or overload capacity of the steam turbine these
shall also be specified.

If steam temperature is lower at reduced steam generator output levels, the purchaser shall
inform the supplier about the dependence of steam temperature on steam generator output.
The purchaser shall also specify the time characteristic of steam temperature, pressure and
flow at all inlets during start-up (steam generator start-up curves) for each start-up category.
These parameters shall be specified at the supplier's connecting point. In particular, the heat
loss along the main and reheat steam lines between steam generator outlet and the supplier's
connecting point shall be taken into account.

6.1.6 Expected load operation
The purchaser shall specify typical load cases, for example, base-load operation, two-shift

operation, one-shift operation, load cycling, minimum load for continuous operation, overload
cases and the expected duration.
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The purchaser shall specify, if applicable, any specific requirements on part load operation
including deviating steam parameters and extraction mass flow requirements.

6.1.7 Turbine by-pass system

The purchaser shall specify whether a turbine by-pass system is to be employed and, if so,
the purchaser shall state its duties, steam conditions and flow rates for all relevant operation
conditions including abnormal operation (6.3) and conditions before opening of the turbine
valves.

The purchaser shall specify by whom the bypass system shall be supplied.

For steam turbines with more than one admission pressure level, the purchaser shall also
provide the general structure of the bypass system, i.e. the level of cascading.

The capacity of the bypass system has an impact on steam turbine operation. Therefore the
size of the bypasses should be given as percentage of nominal flow at nominal conditions, for
example, a 50 % bypass is characterized by 50 % mass flow at nominal pressure and
temperature.

The supplier shall clarify any additional requirement as regards bypass capacity or pressure
control by relieve valves, which are necessary to meet the defined start and operation
requirements.

Unless otherwise agreed, the control of the bypass system is part of balance of plant and not
within the scope of the supplier.

6.1.8 Auxiliary steam

The purchaser shall also specify the parameters of steam available from auxiliary sources, for
example for the turbine seals system during start up.

In the event that the steam turbine is capable of starting without external auxiliary steam
supply, this shall also be specified by the purchaser. The supplier shall in that case provide
any limitations or requirements to achieve such start up.

6.2 Limits of variation of parameters from rated conditions
6.2.1 General

The limits of variation given in 6.2.2, 6.2.3, 6.2.4 and 6.2.5 allow for a defined turbine design
with respect to temperature-dependent mechanical properties and/or long-term mechanical
effects, such as creep.

Depending on the quality of pressure and temperature control of a steam generator, the inlet
steam parameters vary. Larger variations of the inlet conditions caused by changes in
operation or firing conditions of the boiler are possible.

The turbine shall be capable of accepting variations from the rated conditions within the limits
stated in 6.2.2, 6.2.3 and 6.2.4. These limits are not intended to be used for intentional
increase of temperature or pressure set points above rated values.

NOTE See definition of rated steam conditions in 3.3.

In order to fulfil high dynamical operational requirements as stipulated in many grid codes, the
required control performance may even be more stringent than requested to achieve the
permissible variations as described in Table 1, Table 2 and Table 3.
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While the permissible variations with respect to long term mechanical effects are based on
aggregated durations over a 12-month period of operation, the control performance is
determined by the maximum positive and negative deviation from a set point during a test
period. Thus individual outliers can worsen control performance without any measurable
mechanical effect.

For defining the average of the operating values of the steam turbine during the 12-month
period, only time periods with steam admission to the turbine are considered. Temperature
and pressure variations for the still closed stop valves during various bypass operations
should be considered separately. A counter of the accumulated time of deviated operation
may be installed by the supplier.

In regards to steam conditions control and recommended values for achievable control
performance in various operating modes, refer to other standards such as
VDI/VDE 3507:2012-09, EN 12952-3 (EN 13480-3 for piping), or JIS B 8102.

6.2.2 Initial pressure

The average initial pressure at the turbine inlet over any 12 months of operation shall not
exceed the rated pressure. In maintaining this average, the pressure normally shall not
exceed 105 % of the rated pressure. Further occasional or accidental swings not exceeding
120 % of the rated pressure are permitted, provided that the aggregate duration of such
swings over any 12 months of operation does not exceed 12 h (see Table 1).

Table 1 — Permissible variations for rated pressure

Pressure deviation Permissible Requirement for 12-month Comments
above rated value duration for period
single event
> 100 % to 105 % Average shall be rated pressure Zone for normal pressure
or less control variation
> 105 % to 120 % Sum shall not exceed 12 h For example, load rejections

or malfunctions in the steam
generator which may open
the relieve valves

> 120 % Not allowed Not allowed

An increase in initial pressure will normally permit the turbine to generate power in excess of
its normal rating, unless action is taken through the control system to restrict the steam flow
rate. The generator and associated electrical equipment may be unable to accept such
additional output, and undesirable stresses may also be imposed on the turbine train; the
purchaser and the supplier shall accordingly agree on load-responsive protective means to
limit the turbine output under such circumstances.

6.2.3 Initial and, where applicable, reheat temperature

For rated steam temperatures up to and including 566 °C the average steam temperature at
any inlet to the turbine over any 12 months of operation shall not exceed the rated
temperature. In maintaining this average, the temperature shall not normally exceed the rated
temperature by more than 8 K.

If, exceptionally, the temperature exceeds the rated temperature by more than 8 K, the
instantaneous value of the temperature may vary between this figure and a value of 14 K in
excess of the rated temperature, provided that the total operating time between these two
limits does not exceed 400 h during any 12-month operating period.
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Operation between limits of 14 K and 28 K in excess of the rated temperature may be
permitted for brief swings of 15 min or less provided that the total operating time between
these two limits does not exceed 80 h during any 12-month operating period. In no case shall
the temperature exceed the rated temperature by more than 28 K (see Table 2).

Table 2 — Permissible temperature variations for rated temperature up to 566 °C

Temperature deviation Permissible Requirement for Comments
above rated value duration for single 12-month period
event
>0Kto8K Not defined Average shall be rated Zone for normal temperature
temperature or less control

Maximum temperature setpoint
should always be kept at rated

temperature
>8Kto14 K Not defined Sum shall be less than Zone for occasional temperature
400 h excursions, e.g. during load
ramps

Maximum temperature setpoint
should always be kept at rated

temperature
>14 Kto 28 K Brief swings of Sum shall be less than Zone for accidental temperature
15 min or less 80 h excursions

Maximum temperature setpoint
should always be kept at rated
temperature

> 28 K Not allowed Not allowed

For rated steam temperatures higher than 566 °C up to and including 630 °C, the average
steam temperature at any inlet to the turbine over any 12 months of operation shall not
exceed the rated temperature. In maintaining this average, the temperature shall not normally
exceed the rated temperature by more than 4 K. If, exceptionally, the temperature exceeds
the rated temperature by more than 4 K, the instantaneous value of the temperature may vary
between this figure and a value of 10 K in excess of the rated temperature, provided that the
total operating time between these two limits does not exceed 400 h during any 12-month
operating period. Operation between limits of 10 K and 24 K in excess of the rated
temperature may be permitted for brief swings of 15 min or less provided that the total
operating time between these two limits does not exceed 80 h during any 12-month operating
period. In no case shall the temperature exceed the rated temperature by more than 24 K
(see Table 3).
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Table 3 — Permissible temperature variations for rated temperature
higher than 566 °C up to 630 °C

Temperature deviation Permissible Requirement for Comments
above rated value duration for single 12-month period
event
>0Kto4 K Not defined Average shall be rated Zone for normal temperature
temperature or less control

Maximum temperature setpoint
should always be kept at rated

temperature
>4 Kto10K Not defined Sum shall be less than Zone for occasional temperature
400 h excursions, e.g. during load
ramps

Maximum temperature setpoint
should always be kept at rated

temperature
> 10 Kto 24 K Brief swings Sum shall be less than Zone for accidental temperature
of 15 min or less 80 h excursions

Maximum temperature setpoint
should always be kept at rated
temperature

> 24 K Not allowed Not allowed

NOTE Low permissible limits can be achieved by implementation of state-of-the-art temperature control features
including advanced control concepts as well as high-quality actuators with high accuracy.

Should steam be supplied to any terminal point on the turbine through two or more parallel
pipes, the steam temperature in any of these pipes should not differ from that in any other
pipe by more than 17 K, except that during fluctuations not exceeding 15 min in duration
within any four-hour period, a temperature difference not exceeding 28 K shall be admissible.
The steam temperature in the hottest pipe shall not exceed the limits given in Table 2 or
Table 3.

For rated temperatures in excess of 630 °C, the permissible variations shall be the subject of
agreement between the purchaser and the supplier.

For a turbine supplied with steam at or near saturated conditions, for example from a nuclear
reactor or a solar power plant, or an LP-induction steam, the limitations to be placed on initial
steam conditions shall be agreed between the purchaser and the turbine supplier.

6.2.4 Turbine exhaust pressure/temperature

The average exhaust pressure shall not exceed the specified exhaust pressure over any
12-month operating period. In maintaining this average, the exhaust absolute pressure shall
not exceed the rated pressure by more than 10 %. Limits for back-pressure turbines which
require higher variability of the exhaust pressure shall be agreed between purchaser and
supplier.

The supplier shall provide combinations of operational pressure and temperature, which may
occur during limited periods of time, which are essential for the design of the exhaust piping
and connecting elements. The design can accordingly be optimized with regard to creep
rupture strength.

Moreover, the purchaser shall provide means to ensure that the HP turbine exhaust pressure
before the reheater cannot exceed 125 % of the specified pressure at this point when the
turbine is operating at its rated output (only applicable with cascading bypass system).
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To keep the pressure ratio and therefore the stresses in the turbine blade path in a certain
range the pressure shall also not drop below a limit that depends on turbine type and
operation mode, which shall be provided by the supplier.

For certain applications, for example heating turbines, the variable exhaust pressure is
subject to permission and is to be agreed between purchaser and supplier.

Condensing turbines shall be capable of operating with any variation in exhaust pressure
arising from the range of cooling water or cooling air temperature or flow, or alternatively the
range of exhaust pressure specified. The supplier shall declare any limitations in these
respects.

6.2.5 Speed

The turbine shall, unless otherwise agreed, be capable of operating on load without restriction
on duration or on output between 98 % and 102 % of rated speed. For generator operation
limits, refer to IEC 60034-3.

Operation or temporary operation at speeds further removed from rated speed shall not be
permitted except by agreement, for example to fulfil regional grid code requirements.

6.3 Abnormal operation
6.3.1 Cases

The purchaser shall specify its requirements if operation is required in any of the following
categories and provide relevant steam conditions at the steam turbine interfaces:

a) part of the condenser cooling section isolated;

b) some or all of the feedwater heaters out of service;

c) overload, and how it shall be achieved (e.g. application of duct firing in the boiler);

d) bypass operation;

e) house-load/island mode operation (load shall be specified in this case) and FSNL (full
speed no load) operation;

f) significant load fluctuations in magnitude and/or frequency including load rejection, partial
load rejection and undetected load rejection (this is a load rejection to part load from
outside without opening of any circuit breakers);

g) run-back requirements;

h) protection requirements (e.g. steam turbine trip initiated from boiler or nuclear reactor
criteria);

i) any other operating mode which imposes unusual conditions.
6.3.2 Limitations from abnormal turbine operation

The supplier shall state any limitations arising from specified abnormal operation. This may
include such matters as structural loading or adjustment in output power, and they shall
include the permitted duration for such limitations.

The supplier shall indicate any requirements on plant operation (i.e. bypass flow capacity,
boiler load change requirement) to allow specified abnormal operation.

6.3.3 Boundary conditions at abnormal turbine operation

Steam turbine trip causes pressure surge in the steam piping. This is one of the load cases
the piping designer shall consider, especially for supercritical steam turbines. The supplier
shall provide information on the mass flow transients in the valve(s) in case of a steam turbine
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Abnormal operation of a turbine with two or more valve combinations per expansion range
also occurs, when one of the valves fails closed. The mass flow and the steam velocity in the
remaining open valves and the connected piping increase significantly. High pressure surge
results in case of a steam turbine trip.

The steam piping shall be designed for this rare load case with increased structural loading.
The supplier shall provide information on the mass flow transient when the remaining open
valve(s) closes by ftrip.

6.4 Installation conditions
6.4.1 Indoor/outdoor

The purchaser shall specify whether the installation is indoors or outdoors, with or without a
roof, and the conditions in which the turbine unit must operate, including maximum and
minimum temperatures of air and cooling water, relative humidity, potentially explosive
atmosphere and other related factors.

For outdoor installation the purchaser shall specify ambient conditions, such as predicted
precipitation and wind speed, snow load, icing conditions, unusual dust or lightening
conditions.

6.4.2 Seismic condition

The purchaser shall provide any relevant data concerning ground shaking conditions for which
the turbine is to be designed (e.g. seismic conditions, oscillation of power barge or swimming
platform).

6.5 Maintenance

As maintenance costs form a significant part of overall life cycle costs (see IEC 60300-3-3) it
is recommended that the supplier gives information on the anticipated frequency and scope of
maintenance for the turbine plant.

When special tools are required to maintain the turbine unit, they shall be either identified with
the documentation or included in the quotation and furnished as part of the initial supply of the
machine.

6.6 Operating instructions

The supplier shall provide operating instructions wholly relevant and free from ambiguity,
which will enable the plant which it has supplied to be operated safely (see Clause 5 for
product safety). The instructions shall include reference to all limitations on plant operation,
and may also include the supplier's requirements for steam purity of main steam and auxiliary
steam (see requirements in Technical Guidance Document from the International Association
for the Properties of Water and Steam (IAPWS): Steam Purity for Turbine Operation).

The instructions shall reflect the power station manning levels for operational staff (operators,
rovers) given by the purchaser. The personnel planned per shift may influence the way the
turbine and its auxiliary systems have to be operated/monitored.

Scope, timing and method of training for the customer's personnel should be agreed between
purchaser and supplier.
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7 Components

71 Materials, construction and design

If not otherwise agreed between the purchaser and supplier, the supplier shall select the
material for the turbine parts subject to the following provisions.

All materials, components, and welding used in the construction of the machine, and all piping,
mounting, fittings and auxiliary apparatus shall, so far as is reasonable, meet the
requirements of the appropriate national or international standards. The standards shall be
specified in the contract. Materials not identified in the national or international standard may
be accepted based on the mutual agreement between the purchaser and the manufacturer.

7.2 Parts subject to high temperatures
7.21 Unstressed parts

The selection of material for parts not subjected to appreciable stresses at their operating
temperature shall be such as to avoid unacceptable deterioration of properties as a result of:
i) internal structural or constitutional changes; or

i) reaction between the material and its environment.
7.2.2 Stressed parts

The materials used for stressed parts shall fulfil conditions stated under 7.2.1. In addition,
they should be selected on the basis of experimentally determined data which confirm that
under the conditions of stress, temperature and time in which the components will be used,
they will not crack or deform to a greater extent than is permissible.

7.3 Casings and pedestals

Casings, pedestals and supports shall be designed to withstand all normal and emergency
service loads, allowable piping forces and moments, and movement caused by temperature.
The casing design shall be such that thermal stresses in service are minimized. Turbine
casings shall be adequately supported to maintain good alignment with the rotors.

Jackscrews, lifting lugs, eyebolts, guide dowels and special tools shall be provided where
necessary to facilitate assembly and dismantling.

7.4 Rotors
7.41 Balancing

Rotors when completed shall be dynamically balanced. Methods and criteria for the
mechanical balancing of flexible rotors shall be according to ISO 11342. Methods and criteria
for the mechanical balancing of rigid rotors shall be according to ISO 1940.

7.4.2 Critical speeds

Lateral critical speeds are calculated for the complete turbo-generator shaft train. The critical
speed calculation takes into account the bearing supports and the oil film characteristics.

Within the range of operating speeds in power production, the modal sensitivity of the shaft
line should be in the modal sensitivity range of A or B (very low or low modal sensitivity)
defined for the type Il machines when assessed according to 1SO 21940-31. Higher modal
sensitivity can be acceptable, if the supplier can justify the acceptability by specific design
features or successful operating experience with comparable turbines.
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Where the driven generator is not supplied by the turbine manufacturer, agreement shall be
reached as to the party responsible for the critical speeds of the combined turbine and driven
machine.

7.4.3 Overspeed

An overspeed test of each turbine rotor shall be carried out at the manufacturer's works. The
duration of the overspeed test shall not exceed 2 min, and it shall only be performed once.

For turbines with a precise overspeed trip system, for example, a fast reacting electronic
overspeed protection system and where an overspeed calculation method with high accuracy
is applied, the overspeed test typically shall be at the maximum calculated overspeed that
would occur if the speed governor failed and if the maximum overspeed were limited by the
action of the overspeed trip device only.

For turbines with a less precise overspeed trip system, for example, a mechanical/hydraulic
overspeed protection system and/or where a less accurate overspeed calculation method is
applied, the overspeed test typically shall be at a speed exceeding the maximum calculated
overspeed (e.g. 2 %) that would occur if the speed governor failed and if the maximum
overspeed were limited by the action of the overspeed trip device only.

Specific technological reasons may also lead to the application of a higher overspeed test
speed than the calculated maximum overspeed.

When the normal setting of the overspeed trip is at 10 % the excess speed, the overspeed
test shall not be in excess of 20 % above rated speed.

7.4.4 Short-circuit and other abnormal torque loads

Rotors and their couplings (and gearing where used) shall be designed to withstand those
conditions imposed by generator short-circuits, or by other specified disturbances within the
electrical system.

The purchaser shall provide protection devices to reduce or eliminate the effect on the turbo-
generator of any electrical fault on the system.

Requirements out of regional grid codes regarding electrical faults have to be specified by the
purchaser together with appropriate information regarding electrical grid properties.

NOTE Such requirements can be related to the grid stability against sub synchronous oscillations (e.g. in grids
with High Voltage Direct Current (HVDC) couplings). The purchaser then specifies the required input data with the
"technical specification". The turbine supplier can be requested to provide input information to enable the grid
operator to create a simulation model of the grid. The model will be used to simulate and evaluate the torsional
vibration excitation of the generating units.

7.4.5 Shaft train

The purchaser and the supplier of the steam turbine shall agree on the responsibility for the
shaft train, its mechanical and its torsional characteristics.

The purchaser and the supplier of the steam turbine shall agree on the responsibility for the
foundations of the whole shaft train, including its mechanical integrity and vibrational
characteristics.
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7.5 Valves

The turbine shall be provided with an appropriate number of control valves. These shall be
suitable for controlling any external steam supply to the turbine over the entire speed and
load range. In addition, suitable emergency stop valve(s) shall be provided in series with
these governing valves. The valves which first receive steam shall each be provided with a
steam strainer located as closely as practicable, upstream of the valve, except where:

a) the valve is of the swinging flap type (in which case the strainer can be provided
downstream), or
b) reheat is carried out in a steam/steam reheater, where the strainer can be omitted.

The emergency and control functions of steam admissions may be combined into a single
valve casing considering the functional safety standards.

7.6 Main bearings and housings
a) Journal bearings shall be transversely split with renewable liners, pads or shells.

b) Thrust bearings shall be designed to accommodate thrust in either axial direction. The
axial position of the rotor shall be adjustable during maintenance to ensure proper axial
clearances.

c) If it is practical for the type of steam turbine, all the bearings should be renewed without
dismantling any turbine casing.

d) Journal and thrust bearings shall be designed for pressure lubrication and to ensure
proper drainage.

e) Bearing housings shall provide protection against the ingress of moisture or foreign matter
and the leakage of lubricant.

f) In some turbine applications, electrostatic friction can occur. To minimize the effects on
the bearings of electrical currents generated by electrostatic friction effects, the shafts of
the turbine and the driven machine shall be earthed (grounded). In cases where these
machines are supplied by separate suppliers, the purchaser and supplier shall agree to
the location of the shaft earthing points.

For the smaller industrial turbines, earthing is not usually necessary.

NOTE Beside bearings, other components like gear box or coupling can be damaged from electrical current
as well.

7.7 Cylinder and interstage glands

Glands at the ends of the rotors and between stages shall be of suitable materials to minimize
distortion or growth at the operating temperature.

The construction of the glands shall be such as to minimize damage to the rotor in the event
of rubbing while in operation.

7.8 Thermal insulation

When specified, the turbine shall be insulated. The purchaser shall state the required outer
surface temperature of the insulation material (not normally exceeding the ambient
temperature by more than 40 K, but in accordance with national standards). The insulation
shall be so designed that turbine maintenance is facilitated.

The purchaser shall state any limitation on insulation materials.

7.9 Welding

Welding is a profoundly quality-influencing process when producing a steam-turbine. Many
standards defining the state of the art of welding are available. A quality concept for welding
of the manufacturer should become part of the contract (see Clause 18). Documents
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Annex A (informative) is based on the international standards relevant for welding of steam
turbine components. It describes appropriate design, procedures and tests for different welds
at components depending on reliability requirements.

8 Foundations and buildings

The turbine supplier shall provide the purchaser with the relevant information (static and
dynamic loads, outline drawings, seating details, forces and moments, permissible foundation
deflections, thermal expansions, etc.) at the interface between the manufacturer's own design
responsibility and that of the purchaser or its foundation designer, to enable design and
construction of the total support system to proceed. The purchaser is responsible for
identifying the preferred building code of construction, and any relevant site-specific studies
intended to define the site parameters, such as short and long term spectral accelerations,
soil conditions, or changes to importance factors. If no additional information is provided, or
preference given, the manufacturer shall assume the nationally recognized building code of
that region is the design basis.

Purchaser and supplier of the steam turbine shall agree if and by whom a coupled calculation
of the damped system of turbine train and its foundation will be conducted. This calculation
would show that the expected vibration level is in accordance with I1SO 20816-1 and
ISO 20816-2 and ISO 10816-3.

Details of loads transmitted to the turbine, when in service and when not in service, including
all piping forces and moments, shall be agreed with the turbine supplier.

Unless agreed otherwise, the purchaser shall provide all required documentation for the
foundation design (see 17.6). The supplier shall be given the opportunity to comment at the
design stage.

Sufficient space and necessary openings in the foundations and building structure shall be
provided for installation of the equipment. Suitable openings shall be provided in the building
to admit the equipment. The purchaser shall provide sufficient space around the equipment
for servicing, including space for removing the rotors and setting down the upper halves of the
turbine casings.

Mounting plates or other devices and their design for connection between the turbine
components and the foundation or the building structure are the responsibility of the supplier.

Where ancillary equipment connected to the turbine (for example, moisture separators and
reheaters) are mounted on a separate foundation supplied by others, the turbine supplier shall
specify the permissible movement relative to the turbine foundation.

9 Extractions, bleeds and exhausts

9.1 General

Steam can leave the steam turbine for several reasons. It is mandatory that the entire steam
leaves the turbine through one or several exhausts at the end of each casing either to go to
the reheat section of the boiler, to change from one casing to another casing, or to go to the
condenser. In the case of a back-pressure turbine, there is a steam consumer, for example, a
desalination plant. Occasionally, part of the steam leaves the steam turbine at different places
through extraction ports. In the case of uncontrolled steam extraction the ports are called
bleeds. Otherwise, they are called controlled extractions. The extraction steam is used for
applications such as:

— regenerative feed-water heating,

— boiler feed-water pump turbines, Documents
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— process steam,
— district heating,
— carbon capture,
— gland sealing,
— etc.

In the case of a multiple stage steam extraction, such as for feed-water heating or district
heating, the purchaser and supplier shall optimize the pressure levels of the different
extractions or bleeds in order to optimize the overall cycle performance of the plant. For the
same reason, pressure, temperature, mass flow and the number of extraction stages shall be
mutually agreed between purchaser and supplier. Non-optimal extraction of large amounts of
steam can have a strong impact on the overall economics of the application.

9.2 Requirements on steam parameters and volume flow

Depending on the application, the required pressure levels and volume flows at extraction
ports can differ widely. The minimum and maximum volume flows and mass flows shall be
agreed between purchaser and supplier.

NOTE The highest pressure level occurs for a reheat application with feed-water heating which needs an
extraction port above the reheater pressure level. The largest volume flows occur typically at lower pressure levels,
for example for district heating. In order to extract the steam efficiently, the turbine provides several extraction
ports at different places including one or more ports above reheat pressure. According to Stodola's cone law the
pressure at a certain port depends on mass flow and/or backpressure of the steam turbine casing.

In specific cases, controlling of the extraction pressure by internal and/or external throttling
can be necessary. Malfunction of the throttling element can cause high extraction pressure.
Overpressure protection can be ensured either by means of a safety valve in the extraction
system (scope of purchaser) or by an electronic pressure protection system (see 11.4, scope
of supplier). The purchaser shall inform the supplier of the intended design of the protection
concept by stating it in the technical specification to be provided to the supplier.

9.3 Design of steam outlets

The extraction section typically consists of one or several slots in the outer limit of the steam
path through which the steam leaves the steam path between stages. The slots end in an
extraction chamber where the steam is collected and ducted to one or several extraction ports
through which the extraction steam finally leaves the turbine. At the end of a casing the entire
steam leaves the steam path through an adequate outlet section and the casing exhausts.

The design shall ensure an efficient extraction of the steam. At every point of the extraction
the velocity of the steam shall be reasonable in order to reduce pressure losses and noise. In
case of wet-steam the impact due to erosion shall be taken into account.

9.4 Limits of supply

At any point where steam leaves the steam turbine the limits of supply shall be defined clearly
between purchaser and supplier. Unless otherwise stipulated, the limits of supply are the
turbine flanges. If the steam only changes the casings (e.g. from IP to LP casing), the
connecting piping is typically within the limits of supply of the supplier.

Control means for internal pressure control of extracted steam located within the flow path or
between turbine sections are typically in the steam turbine supplier's scope. Control means
for external pressure control in the extraction lines are normally not in the steam turbine
supplier's scope.
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Non-return valves and steam turbine drain valves for drain connections upstream of the
non-return valves are preferably part of the turbine supplier's scope especially if they are
needed to run the turbine safely. They are normally supplied as a loose delivery. This is
typically the case for extraction ports and exhausts (e.g. HP exhaust) at higher pressure
levels. Un-allowable overspeed due to back-flow of steam into the turbine in case of a loss-of-
load incident or a turbine trip shall be avoided. Special attention shall be paid if the turbine is
connected to steam headers. The supplier bears responsibility for assessing the number and
type of non-return valves to be placed in the different extraction pipes (see also 9.6).

It may be possible to omit non-return valves at some extraction ports at lower pressure level,
provided that the potential of steam which possibly can return to the turbine has been
evaluated and that the resulting effect on overspeed is acceptable.

Connecting pipes between turbines and other components like reheater pipes, preheaters and
condenser neck are typically not included in the turbine supplier's scope.

9.5 Boundary conditions for guarantees

Purchaser and supplier shall clearly agree on the boundary conditions for the guarantees
(refer to 4.2.2). In case of extraction points, the relevant conditions are steam parameters
(pressure, temperature and enthalpy) and flow at the limits of supply. Use of a feedwater
injection spray system in order to provide the steam with the right parameters can be
necessary.

Either the condensate return or the compensation by make-up water shall be defined clearly
in terms of parameters (pressure and enthalpy) and return point to the water steam cycle.

If steam consumers are within the scope of the supply, their performance and consumption
shall be included in the guarantee, unless otherwise agreed.

9.6 Protection devices against backflow of water and steam

9.6.1 Water ingress from the feedwater heating system or other condensation
systems

Protection against water entering the turbine from the heating systems shall be specified by
the supplier to the purchaser of the heating plant. The main features of such protection shall
include at least the following specifications:

a) Each bleed steam line from the turbine shall be arranged so that the entire heater surface
is flooded before any water can flow to the turbine. The heaters should preferably be
located lower than the turbine. If a heater cannot be located lower than the turbine a
design to prevent water backflow from the heater to the turbine by means of level
controlled shut off elements is recommended.

b) For every feedwater heater, there shall be two independent means of automatically
preventing water from entering the turbine from the extraction system; the system shall be
designed so that no single failure of equipment results in water entering the turbine.

In general, these independent means can be a combination of the following items:
— 2) and either 1) or 1 ii),
— or 3) and either 1) or 1ii),
— or 2)and 3).
1) Provision of gravity drainage from the heater, with open manometric seal, or

1ii) Provision of an automatic alternative drainage route of large capacity, from the
heater.

NOTE 1) is preferred to 1 ii) if conditions permit its use.
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2) Provision of automatic isolating valves in the bleed steam lines between the
turbine and the feedwater heater, and in drain lines cascading into the heater.

3) Provision of automatic isolating valves for all sources of water to the heater. This
will normally require an automatic by-pass around the heater.

The time of operation of each of the automatic isolating valves required by 2) and 3)
above, from receipt of closing signal to the fully closed position should be such that for
water flows into the shell equivalent to the larger of:

e water flowing from two ruptured tubes (4 open tube ends), or

e water flow equivalent to 10 % of the heater tube side flow at MCR. The valve
should be closed before the water has filled the usable storage volume between the
high level alarm (which initiates the valve closure) and the automatic isolating valve.

Items 1 ii), 2) and 3) shall normally be initiated by high water level sensors in the
heater shell, with suitable precautions to ensure reliable operation.

c) Where more than one bank of heaters is supplied from a single steam line, then either
each heater shall have its own valves, or, if the valves are in the common line, water from
a flooding heater shall flow into the associated heater and completely flood it before it is
possible for water to flood the common steam pipe up to the turbine.

d) Each heater shall be provided with redundant high water level detector switches or
analogue transducers and each arranged for testing for correct operation while the plant is
in operation. If an allowable maximum value is exceeded operation of the protective
devices shall be initiated.

9.6.2 Preventing steam backflow to steam turbine to avoid overspeed

Non-return (check) valves or emergency stop valves or flaps, normally provided in most
extraction lines to limit speed rise after loss of load and after a turbine trip, should be located
as closely as practicable to the turbine extraction points. Specification of maximum allowable
steam volume in the extraction piping section from the turbine to the check valve shall be
specified by the supplier (see also 9.4).

The number and type of non-return (check) valves to be placed in the bled steam extraction
pipes from the turbine will be based upon the overspeed calculations. It may be possible to
eliminate non-return (check) valves from some extraction lines, provided that the quantity of
steam which could return to the turbine has been evaluated and that the resulting effect on
overspeed is acceptable.

Emergency stop valves or flaps and isolating valves, where used, shall be arranged for testing
(by closing) while the plant is in operation.

Free swinging non-return valves and free swinging non-return valves with power-assistance
shall be arranged for checking for movability while the plant is in operation (at least the
position of the actuator for power assistance). For this a design of the non-return valve or its
actuator with local or remote position indication is required. If risk analysis of the turbine
shows that check of movability only at standstill (e.g. during plant revision) is sufficient, a
check during operation is not required. In that case, position indication is not mandatory.

9.6.3 Unwanted steam from cold reheat system
Protection against unwanted steam admission from cold reheat system to the exhaust of the

high pressure turbine is necessary if a cascading turbine by-pass consisting of an HP and IP
bypass is used.

This is normally achieved by the provision of at least one non-return (check) valve. The
non-return (check) valve may be power assisted according to the requirements of the supplier.
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10 Turbine auxiliary systems

10.1 General

In this clause only directly turbine-related auxiliary systems are described.

The purchaser may specify other auxiliary systems to be included into the scope such as:

— generator auxiliary systems,
— bypass system,
— cooling systems,

— condensing and evacuation systems.

The purchaser's specification shall provide information on the level of redundancy and the
possibility of isolation of components for on-load maintenance.

10.2 Lubricating oil

The turbine shall have a main oil pump which shall be driven mechanically by the turbine itself
or by electric motor(s).

An auxiliary oil pump, driven from a source entirely separate from the main oil pump, shall be
provided to operate if necessary when starting up or shutting down the turbine, and to come
into operation automatically as a replacement to the main pump in the event of low oil
pressure, to enable the turbine to remain in service. Provision shall be made to on-load test
the auto-start of all back-up lubricating oil pumps by simulating low oil pressure.

An emergency standby pump, electrically or mechanically driven, of adequate size to permit a
safe run-down of the set, shall be provided. Alternatively, by agreement, a gravity oil tank may
be provided for this purpose.

If necessary, or per customer agreement, a jacking oil system should be provided to supply
high pressure oil to each turbine and generator bearing, to lift the rotors. This reduces starting
torque and bearing wear when on turning gear or during starting or shutdown. Qil cooler and
filter shall be provided of sufficient capacity. For units with no special requirement for
availability, a design with single oil cooler and filter is adequate.

For uninterrupted long term operation of a unit, redundant oil filters are recommended so that
a clogged oil filter can be taken out of service with the set in operation. In this case the inlet
and outlet changeover valves to the filters shall be arranged so that they are not capable of
shutting off the flow of oil to the bearings while the set is in operation.

All valves, cooler bodies and filter bodies shall be of steel or other appropriate material. Brittle
materials such as cast grey iron are not suitable. Lubricating oil piping shall be in accordance
with 10.8.

Precautions shall be taken to minimize internal corrosion in oil tanks and drain pipes.

The supplier shall specify the properties of the lubricating oil to be used. When initial flushing
is not carried out by the supplier, the oil used shall be to its approval.

The design of the lubricating system shall be such that during normal operation, the operating
temperature of the oil at each main bearing drain will not, in general, exceed 80 °C. There are
applications on small turbines where this temperature may be increased to 85 °C.

The supplier shall specify the oil standard to be used.
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Precaution shall be taken against fire caused by leakage of lubricating oil.

— The purchaser should describe the overall fire protection concept of the power plant and
state the purchaser's requirements.

— The supplier should provide information on the fire protection features of the steam turbine
scope, on the fire loads caused by turbine equipment and on recommended risk reduction
measures to be fulfilled by the purchaser.

10.3 Control fluid

The fluid used in the control fluid system and for operation of the steam valves may be either
oil from the lubricating system, or fluid from an entirely separate system. The pumps
supplying the control fluid shall be duplicated, with automatic changeover on failure of one

pump.

Arrangements shall be made, if necessary, to sustain the pressure of the control fluid during
the starting period of the standby pump

When a fluid other than oil from the lubricating system is used, the supplier shall specify the
properties of the control fluid to be used. The same requirements regarding materials and the
quantity of coolers and filters as in 10.2 shall apply unless otherwise agreed. Control fluid
piping shall be in accordance with 10.8.

10.4 Sealing system for rotor and valve glands

The sealing system at the ends of the rotors and valve glands shall, unless otherwise agreed,
be so arranged, for example by the provision of a gland steam condenser, that no steam
issues into the turbine hall.

Where appropriate, the control of sealing steam for the glands shall be fully automatic under
all modes of operation.

Relief valves shall be fitted to the steam pipework as necessary. The designer of the sealing
steam system shall define the need and technical parameters of the relief valve. The supplier
shall state whether it is expecting the relief valve to be included in purchaser's scope.

When auxiliary steam is required, such as for start-up, the supplier shall state its
requirements for the steam conditions and quantity.

10.5 Drains
Each turbine casing, steam chest, or other vessels and all pipes conveying steam, including

steam pipes to feedwater heaters, shall be adequately drained at all points where water may
accumulate.

Drainage shall normally be discharged to a suitable drains vessel, and the drain pipes shall
incorporate suitable valves, traps, or orifice plates before discharge into the drains vessel.

Typically, draining of external steam lines (e.g. live steam line, induction steam line, steam
exhaust and extraction lines) is not in the steam turbine supplier's scope. Sufficient drain
capacity for these components shall be provided, compare for example ASME TDP-1.

10.6 Vents

Vent piping shall be provided from the gland steam exhauster fan and lubricating system
exhauster fan(s) to a specified outdoor location, or as agreed.
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10.7 Turning gear

Turning gear (sometimes called barring gear) shall be provided to rotate the rotor system
slowly (continuously or discontinuously), if necessary, to limit thermal distortion of the rotor(s)
when not turning under steam. Interlocks shall be provided, if necessary, to ensure that
turning cannot commence until an adequate supply of lubricating oil is available and the drive
is fully engaged. The turning gear shall disengage automatically when the turbine speed
increases above the turning gear speed and shall engage automatically if the turbine speed
decreases below the turning gear speed.

Manual turning means (if required, e.g. for emergency case with total loss of power) shall be
agreed to by the manufacturer and purchaser to best suit plant operations. Typical schemes
include manual gears or pneumatic, hydraulic or electric systems.

10.8 Piping

All piping for steam, water, oil, or air services shall preferably be in steel complying with the
requirements of the appropriate international or national standard. The standards should be
stated in the contract. Welded joints shall be used wherever practicable. Other materials may
be used by agreement between the purchaser and the turbine supplier.

The turbine supplier shall state the magnitude and direction of application of the pipework
forces and moments, applied at the agreed major terminating points of the turbine supplier's
equipment, which are acceptable to its plant.

11 Automation

11.1 General

This clause covers the requirements for instrumentation, control, monitoring and protection for
a steam turbine. An electronic automation system with electric, hydraulic or pneumatic
actuators is considered to be the state-of-the-art solution. For overspeed protection a
mechanical/hydraulical system is considered as an option for smaller turbines.

11.2 General requirements in relation to the steam turbine automation system
11.2.1 Environmental conditions

The equipment shall be capable of satisfactory and continuous operation within whichever of
the classes of environmental conditions in Table 4 is specified.

Table 4 — Environment classes

Class Amblentat:a]geperature Ambient relative humidity Typical conditions
1 5 °C to +40 °C 45 % to 75 % Control rooms and equipment
rooms
2 -25 °C to +55 °C 45 % to 100 % Outdoors or plant-sited
3 -10 °C to +70 °C 45 % to 100 % Special conditions

For all three classes, the following standard environmental conditions shall also apply:

— vibration: 10 Hz to 65 Hz, 0,15 mm amplitude,
— air atmospheric pressure: 68 kPa to 106 kPa.

NOTE For requirements due to seismic conditions, see 6.4.2.
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