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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Rotating electrical machines -
Part 33: Synchronous hydrogenerators including motor-generators -
Specific requirements

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) IEC draws attention to the possibility that the implementation of this document may involve
the use of (a) patent(s). IEC takes no position concerning the evidence, validity or applicability
of any claimed patent rights in respect thereof. As of the date of publication of this document,
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IEC [had/had not] received notice of (a) patent(s), which may be required to implement this
document. However, implementers are cautioned that this may not represent the latest
information, which may be obtained from the patent database available at https://patents.iec.ch.
IEC shall not be held responsible for identifying any or all such patent rights.

IEC 60034-33 has been prepared by IEC technical committee 2: Rotating machinery. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2022. This edition
constitutes a technical revision.

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

a) ...;

The text of this International Standard is based on the following documents:

Draft Report on voting

2/XX/FDIS 2/XX/IRVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 60034 series, published under the general title Rotating electrical
machines, 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 webstore.iec.ch in the data related to the
specific document. At this date, the document will be

— reconfirmed,

— withdrawn, or

— revised.
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INTRODUCTION
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1 Scope

This part of IEC 60034 applies to three-phase salient-pole synchronous generators and
synchronous motor-generators for hydraulic turbine and pump-turbine applications, that have
rated frequency of 50 Hz or 60 Hz, rated output of 10 MVA and above, pole pair number 3 and
above, and rated voltage of 6 kV and above.

This document supplements basic requirements for rotating machines given in IEC 60034-1.

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 60034-1, Rotating electrical machines - Part 1: Rating and performance

IEC 60034-2-1, Rotating electrical machines - Part 2-1: Standard methods for determining
losses and efficiency from tests (excluding machines for traction vehicles)

IEC 60034-2-2, Rotating electrical machines - Part 2-2: Specific methods for determining
separate losses of large machines from tests - Supplement to IEC 60034-2-1

IEC 60034-4-1, Rotating electrical machines - Part 4-1: Methods for determining electrically
excited synchronous machine quantities from tests

IEC 60034-15, Rotating electrical machines - Part 15: Impulse voltage withstand levels of form-
wound stator coils for rotating a.c. machines

IEC 60034-18-1, Rotating electrical machines - Part 18-1: Functional evaluation of insulation
systems - General guidelines

IEC 60034-18-32, Rotating electrical machines - Part 18-32: Functional evaluation of insulation
systems - Electrical endurance qualification procedures for form-wound windings

IEC 60034-27-1, Rotating electrical machines - Part 27-1: Off-line partial discharge
measurements on the stator winding insulation of rotating electrical machines

IEC 60034-27-3, Rotating electrical machines - Part 27-3: Dielectric dissipation factor
measurement on stator winding insulation of rotating electrical machines

IEC 60034-27-4, Rotating electrical machines - Part 27-4: Measurement of insulation resistance
and polarization index of winding insulation of rotating electrical machines

IEC 60034-33:2022, Rotating electrical machines - Part 33: Synchronous hydrogenerators
including motor-generators - Specific requirements

IEC 60050-411, International Electrotechnical Vocabulary - Chapter 411: Rotating Machines
IEC 60060-1, High-voltage test techniques - Part 1: General definitions and test requirements

IEC 60085, Electrical insulation - Thermal evaluation and designation


https://standards.iteh.ai/catalog/standards/sist/0864588a-0239-485e-ae23-2ddef9da7978/osist-pren-iec-60034-33-2026
https://standards.iteh.ai/catalog/standards/sist/0864588a-0239-485e-ae23-2ddef9da7978/osist-pren-iec-60034-33-2026

IEC 60034-33 ED2 © IEC 2026 2/2319/CDV

IEC 60287-3-1:2017, Electric cables - Calculation of the current rating - Part 3-1: Operating
conditions - Site reference conditions

IEC 60417, Graphical symbols for use on equipment - 12-month subscription to regularly
updated online database comprising all graphical symbols published in IEC 60417

IEC 60445, Basic and safety principles for man-machine interface, marking and identification -
Identification of equipment terminals, conductor terminations and conductors

IEC 63132-1, Guide for installation procedures and tolerances of hydroelectric machines - Part
1: Common

IEC 63132-2, Guide for installation procedures and tolerances of hydroelectric machines - Part
2: Vertical generator

ISO 7919-5:2005, Mechanical vibration — Evaluation of machine vibration by measurements
on rotating shafts — Part 5: Machine sets in hydraulic power generating and pumping plants

ISO 10816-5:2000, Mechanical vibration — Evaluation of machine vibration by measurements
on non-rotating parts — Part 5: Machine sets in hydraulic power generating and pumping plants

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

ISO 20816-5, Mechanical vibration - Measurement and evaluation of machine vibration - Part
5: Machine sets in hydraulic power generating and pump-storage plants

IEEE Std 1043: 1996, IEEE Recommended practice for voltage-endurance testing of form-
wound bars and coils

IEEE Std 1310: 2012, IEEE Recommended practice for thermal cycle for voltage-endurance
testing of form-wound bars and coils for large rotating machines

IEEE Std 1553: 2002, IEEE Trial-use standard for voltage-endurance testing of form-wound
coils and bars for hydrogenerators

EN 50522: 2010, Earthing of power installations exceeding 1 kV a.c.

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60034-1, IEC 60034-
2-1, IEC 60034-2-2, IEC 60050-411 and IEC 63132-1, as well as the following apply.

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

— |EC Electropedia: available at https://www.electropedia.org/

— IS0 Online browsing platform: available at https://www.iso.org/obp

3.1

hydrogenerator
synchronous machine operated as generator and driven by a hydraulic turbine
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https://standards.iteh.ai/catalog/standards/sist/0864588a-0239-485e-ae23-2ddef9da7978/osist-pren-iec-60034-33-2026
https://standards.iteh.ai/catalog/standards/sist/0864588a-0239-485e-ae23-2ddef9da7978/osist-pren-iec-60034-33-2026
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3.2

motor-generator

synchronous machine which can operate in motor mode and generator mode, generally used in
pumped-storage power plant

3.3
stator concentricity
radial distance from the reference centre to the best centre of stator bore

3.4
rotor concentricity
radial distance from the reference centre to the best centre of rotor outer circle

3.5

stator circularity

difference between the maximum and minimum radii, measured from the best centre of stator
bore

3.6

rotor circularity

difference between the maximum and minimum radii, measured from the best centre of rotor
outer circle

3.7
Air gap

3.71

nominal air gap

design air gap value between stator inner surface and rotor at the centre of poleshoe at rated
conditions

3.7.2
static air gap
air gap at standstill and in cold condition after full load rejection

Note 1 to entry: This value is used for the purposes of IEC 63132-1 and IEC 63132-2.

3.8

stress control coating

paint or tape on the surface of the main insulation that extends beyond the conductive slot
portion coating in high-voltage stator bars and coils

3.9

condenser

heat exchanger device by which cooling medium is changed to liquid phase from vapour in
evaporative cooling circulation system

3.10

grid

public electrical network or a local (e.g. industrial) network which is connected to the machine
either directly or through a transformer

3.1

SFC starting

operating mode in which synchronous machine is started in motor mode by the method of
regulating power frequency, using static frequency converter (SFC) as variable-frequency
power supply
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3.12

back to back starting

synchronous starting method in which one machine is started in motor mode, driven by the
other electric connected machine that is started in generator mode

4 Site operation conditions

The machines shall be able to operate continuously at rated conditions (MVA, MW, voltage,
frequency and power factor) at the following site operation conditions:

a) The altitude does not exceed 1 000 m above sea level (based on coupling elevation for
vertical machine, centre line of shaft for horizontal machine);
b) The cooling air temperature (primary coolant) does not exceed 40 °C;

c) The inlet water temperature (secondary coolant) of air coolers, oil coolers and heat
exchangers (e.g. of direct water cooled stator windings) is not higher than 25 °C and not
less than 5 °C;

d) The inlet water temperature (primary coolant) of direct water cooled stator windings shall
be 30 °C to 40 °C, the water conductivity is in the range of 0,4 uS/cm to 2,0 uS/cm, the pH
value is 6,5 to 9,0, and the hardness is less than 2 ymol/l, at 25 °C of water temperature;

e) Relative humidity in powerhouse (generator floor) does not exceed 85 %;
f) Installed in covered powerhouse on proper foundation;

g) Structural strength of machine shall meet the requirement of seismic accelerations at the
location. Appropriate design measures shall be taken to prevent harmful damage to the
machine. The acceleration value may be different for different regions due to the local
geographical condition. The acceleration values in horizontal direction and vertical direction
shall be defined as a technical condition according to the seismic grade at the location by
the purchaser.

Site conditions different from the above shall be agreed between purchaser and manufacturer.

5 Ratings and parameters

5.1 Output
51.1 Output rating of a hydrogenerator

The output rating of a hydrogenerator preferable is the apparent power (in MVA) or the active
power (in MW), available continuously at the stator terminals (main leads) at rated frequency,
voltage and power factor.

5.1.2 Output ratings of a motor-generator
The output ratings of a motor-generator include two parts:
a) The apparent power (in MVA) or the active power (in MW), available continuously at the

stator terminals (main leads) at rated frequency, voltage and power factor during generator
mode;

b) Mechanical output power (in MW) available continuously at the shaft during motor mode.
5.1.3 Increase in active power

By agreement between purchaser and manufacturer, it is allowed to increase active power of
hydrogenerators to rated output (apparent power) by increasing power factor up to 1,0.
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