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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) 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.

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

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

Draft Report on voting

2/2081/FDIS 2/2088/RVD

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.
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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/standardsdev/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

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e withdrawn,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

e amended.

Documents

Document Sharing Hub

Full document details: IEC 60034-33-2022


http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/?ref=menu
http://www.avadocuments.com/doc/iec-60034-33-2022
http://www.avadocuments.com/doc/iec-60034-33-2022

-8 - IEC 60034-33:2022 © |IEC 2022

ROTATING ELECTRICAL MACHINES -

Part 33: Synchronous hydrogenerators including motor-generators —
Specific requirements

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 — Test procedures for form-wound windings — Evaluation by electrical endurance

IEC TS 60034-18-33, Rotating electrical machines — Part 18-33: Functional evaluation of
insulation systems — Test procedures for form-wound windings — Multifactor evaluation by
endurance under simultaneous thermal and electrical stresses

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

IEC 60034-27-3, Rotating electrical machines — Part 27-3: Dielectric dissipation factor
measurement on stator winding insulation of rotating electrical machines
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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 60050-411, International Electrotechnical Vocabulary (IEV) — Part 411: Rotating machinery
IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test requirements
IEC 60085, Electrical insulation — Thermal evaluation and designation

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

IEC 60417:2002, 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, Guidance for installation procedures and tolerances of hydroelectric machines —
Part 1: General aspects

IEC 63132-2, Guidance for installation procedures and tolerances of hydroelectric machines —
Part 2: Vertical generators

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

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

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

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.

3.1
hydrogenerator
synchronous machine operated as generator and driven by a hydraulic turbine

3.2

motor-generator

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

3.11

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

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 Documents
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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 pS/cm to 2,0 uyS/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
5.1.1 Output rating of a hydrogenerator

The output rating of a hydrogenerator 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.
51.3 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.

5.1.4 Under-excited operation

Hydrogenerators and motor-generators when operating in generator mode shall be able to
operate continuously in under-excited mode at power factor 0,9 with rated active power at rated
voltage.
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5.2 Rated voltage

The rated voltage (line to line voltage Uy at stator terminals) of the machine shall be defined

by purchaser and manufacturer according to rated output, rated speed of machine, as well as
other conditions in the system.

5.3 Rated power factor

The power factor shall be agreed upon between purchaser and manufacturer. Preferred rated
power factors at generator terminals are 0,85; 0,875; 0,9; 0,925 or 0,95 overexcited.

Rated power factor of motor-generators in motor mode shall be defined as a design condition
by purchaser.

5.4 Rated speed

The rated speed (1/min) shall be:
3000/ p for 50 Hz machines;
3600/ p for 60 Hz machines.

where p is the number of pole pairs.

NOTE The preferred speeds in Table 1 and Table 2 are convenient to design electrical symmetric and balanced
windings for the machines.

Table 1 — Preferred speed for 50 Hz machines

Unit: 1/min
1000 750 600 500 428,6 375 333,3 300 250
214,3 200 187,5 166,7 150 142,9 136,4 125 115,4
107,1 100 93,8 88,2 83,3 75 71,4 68,2 62,5
60
Table 2 — Preferred speed for 60 Hz machines
Unit: 1/min
1200 900 720 600 514,3 450 400 360 300
257,1 240 225 200 180 171,5 163,7 150 138,5
128,5 120 112,6 105,8 100 90 85,7 81,8 75
72

5.5 P-Q capability diagram

The manufacturer shall supply a P-Q capability diagram indicating the limits of operation as
shown in Figure 1, where:

— Curve A represents operation limits with rated stator current and constant apparent power
output, which is restricted by temperature rise of the stator winding;

— Curve B represents operation limits with rated field current, which is restricted by
temperature rise of the field winding;

— Curve C1 and C2 indicate the theoretical and practical limits set by the effects of end region

heating, steady-state stability, etc.
Documents
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— Curve D indicates the limits of minimum excitation current to prevent instability issues
(usually defined by a minimum excitation current of 10 % of the no-load excitation current);

— Curve E indicates the reluctance circle. Although possible, the operation within the
reluctance circle needs special care and a special design of the excitation and control

systems.
AP
1,4
Curve C1: Curve C2:
Theoretical Practical
stability limit stability limit 12
Curve A: ’
Limit stator
winding temperature Rated
load 1
point
0,8
Curve B: 06
A}Tg;?f Limit ’
P excitation
temp.
P 0,4
Curve E:
Reluctance 02
circle Curve D: '
Minimum excitation
current
- : 0—»

-16 -14 -12 -1 -08 -06 -04 -02 0 0,2 0,4 0,6 0,8 1
Underexcited 0] Overexcited
IEC

Figure 1 — P-Q capability in p.u.

NOTE Figure 1 shows the limitation of the electrical machine only and does not consider operational limitation of
the hydraulic machine.

5.6 Voltage and frequency variations during operation

For generators and motor-generators, combinations of steady state voltage variation and
frequency variation are classified as being either zone A or zone B (maximum case outside of
zone A), in accordance with Figure 2.

Synchronous hydrogenerators and synchronous motor-generators shall be capable of delivering
continuous rated output at the rated power factor, over the ranges of £5 % in voltage and +2 %
in frequency, as defined by the shaded area of Figure 2 (zone A), but need not fully comply with
its performance at rated voltage and frequency (see rated point in Figure 2), and may exhibit
some deviations. Temperature rises may be higher than the condition for rated voltage and
frequency.

The temperature rise or temperature limits in accordance with this document, such as Table 4,
apply at the rated point only and may progressively be exceeded as the operating point moves
away from the rated point. For conditions at the extreme boundaries of zone A, the temperature
rises and temperature typically exceed the limits specified in this document.

A machine shall be capable of operation within zone B, and reaching the rated output, but will
exhibit greater deviations from its performance at rated voltage and frequency than in zone A.
Temperature rises will be higher than at rated voltage and frequency and most likely will be
higher than those in zone A. Temperature limits for insulation systems may be exceeded.
Extended operation at the perimeter of zone B is not recommended at all. Documents
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Excursions into zone B shall be limited in value, duration no longer than 10 min, recurrence not
below 6 h and frequency of occurrence no higher than 2 times per month. Requiring permanent
operation in zone B without negative impact on lifetime will inevitably lead to a non-economical
design and can require a volume increase of the machine in the range of 10 % or more.

For other conditions of duration, recurrence and frequency of occurrence, corrective measures
should be taken where practical, within a reasonable time if possible, for example, a reduction
in output (reactive or active power) or the use of transformers with on-load tap changer, if
applicable. Such action may avoid a reduction in machine lifetime because of temperature

effects.
5 A
o
(]
21
Zone A
1,05 Zone B (outside zone A)
1,044 o o
Rating point
1,03
T 1 T T 1 I :
0,94 0,98 1 1,02 1,04
7] Frequency p.u.
0,97 -
>
- /
>
-
—0,95-
0,94 -
09—~

IEC
Figure 2 — Voltage and frequency limits for hydro machines

In practical applications and operating conditions, a machine may sometimes be required to
operate outside the perimeter of zone A. Consequently, the increased amplitude of the
excitation current shall be considered in the design of the excitation system.

The use of a step up transformer with an on-load-tap changer in the plant concept will reduce
the required voltage range on the generator terminals.

When considering extended frequency excursions such as shown in zone B, also the capability
of the prime mover to deliver (or absorb in motor mode) the required power shall be verified
and confirmed, since stable operation of the turbine/pump might not be possible at the
corresponding speeds.
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When considering extended voltage excursion such as shown in zone B, the power plant
operation shall also be taken into account for the definition of required power because usually
in real operation the required output may not be equal to the rated output, e.g. the rated reactive
power is not required at higher grid voltage to avoid it increases even more.

Therefore, the required output may be adjusted corresponding to the actual required active
power and reactive power and most likely be lower than the rated output at the corresponding
frequency and voltage in zone B.

The extent of zone B may be even reduced up to +5 % in voltage and/or 2 % in frequency
(same as zone A) in accordance with the practical requirement for the machine to be connected
to the grid system, subject to agreement between purchaser and manufacturer.

NOTE For an economical design, it is important to understand the real need of active and reactive power, when
considering extended voltage excursions such as shown in zone B. Grid codes may ask machines to be stable on
the grid at such voltage variations, but generally allow for a reduction in output. For example, over-excited operation
at full active power and maximum over-voltage is technically not comprehensible and could therefore be excluded.

5.7 Efficiency and losses
5.7.1 Weighted average efficiency

The weighted average efficiency of hydrogenerators and motor-generators is calculated
according to the following formula. Weighted factors are specified by purchaser.

77=2Ak77k (1)
k=1
where
A4, (k=1,2,...,n) are the weighted factors at specified power factors and outputs, where
> 4.=1
k=1
n(k=1,2,...,n) are the efficiencies corresponding to rated voltage, rated speed and

specified power factors and different outputs.
5.7.2 Losses

Losses and efficiency of a machine shall be measured, preferably according to the calorimetric
method, refer to IEC 60034-2-1 and IEC 60034-2-2. The losses include:

a) Stator winding DC losses;

b) Field winding losses;

c) lron losses;

d) Windage losses;

e) Radial (guide) bearing losses;

f) Axial (thrust) bearing losses (only include the losses due to rotating parts of the machine
itself);

g) Additional load losses (stray load losses);
h) Exciter losses (including losses of static exciter and excitation transformer);
i) Brush losses (electrical and mechanical);

j) Losses of direct water-cooling system (if applicable).
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Some of the losses like exciter losses and brush losses usually cannot be measured by the
calorimetric method. In this case they shall be measured/determined separately by appropriate
means.

Losses of external fans are usually dissipated completely into the cooling water, because the
whole fan with its motor is inside the generator cooling paths. In this case, it cannot be added
again, just separated from the windage losses. If this motor is not inside the generator cooling
paths, i.e., its losses are not transferred to the cooling air, then the losses of the motor shall be
added separately to the windage losses (with the motors’ efficiency given by the manufacturer).

Mechanical power of the pumps (water/oil) is dissipated into the cooling water. It is therefore
measured with the cooling water. This loss cannot be added again, only the losses of the motor
(with the motors efficiency given by the manufacturer) shall be added.

5.7.3 Determination of winding losses

To determine the winding losses, the DC resistance of windings shall be converted to the value
corresponding to the reference temperature as shown in Table 3 with respect to the thermal
class of insulation system indicated on the name plate of the machine, or defined by the
purchaser. If temperature rise or rated temperature of the lower thermal class is applied to the
winding, the reference temperature of the lower thermal class shall be applied for winding loss
calculation.

Table 3 — Reference temperature

Thermal class of insulation system Reference temperature
°C
130(B) 95
155(F) 115

5.7.4 Windage Losses

Windage losses, understood as friction losses due to air or gas flowing in the machine, shall be
referred to the agreed cold cooling air temperature, usually 40 °C, and agreed relative humidity,
usually 40 %.

For additional information on the correction of the windage losses for different cold cooling air
temperatures and humidities, see Annex B.

5.7.5 Determination of thrust bearing losses for vertical machines

Thrust bearing losses for hydrogenerators are calculated as follows:

We

- W 2
Wg + Wy + Fy P8 (2)

Pp

where
Ps is the total loss of thrust bearing oil bath at 45 °C unless other temperatures have been
agreed between user and manufacturer, in kW;

In case of combined thrust-guide bearing p, is the thrust loss part of the combined bearing only.
Separation between thrust and guide bearing losses is done by calculation.

W, is the weight of generator rotor, in kN;
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Fy is the guaranteed maximum hydraulic thrust acting on the runner(s) at rated operation
and designed sealing gap, in kN.

If the temperature of oil bath deviates from 45 °C, correction should be made (see Annex C for
additional information about correction of measured bearing losses for different oil bath
temperatures). This is also valid for the guide bearing losses.

5.7.6 Tolerance of the total losses

The tolerance of the total losses shall be +10 %.

If no total tolerance is used, purchaser and manufacturer still need to agree on the measurement
tolerance, e. g. 2,5 %.

NOTE Tolerances can be calculated based on the no-load, open loop (no load excited) and short circuit
measurements used to compute the losses of any operation point. Tolerances can also be attributed to a
measurement method as for example in IEC 60034-2-1 for the calorimetric measurement method. All these effects
(including measurement tolerance) are covered by the above mentioned tolerance of +10 %.

5.8 Electrical parameters and time constants
5.8.1 Short-circuit ratio

The short circuit ratio shall be higher than 0,80 p.u.

As it is known, the short circuit ratio (as well as the synchronous reactance in the direct axis)
is widely influenced by the air gap. On machines with large diameter, the air gap may change
significantly between standstill at cold condition and operation at full load warm condition. The
warm condition at full load represents the condition for the nominal air gap as defined in 3.7.1
and short circuit ratio and synchronous reactance in the direct axis are given for the nominal
air gap.

5.8.2 Direct axis transient and subtransient reactances

For the specification of the both reactances, it shall be considered that the two reactances
depend to a great extent on common fluxes. Therefore, it needs to be ensured that the
subtransient reactance xj; is not set too close to the transient reactance x;,,,

where:

xjs: is the direct axis subtransient reactance at the saturation level of rated voltage; x/; =
n .
Xdsmin»

X4, is the direct axis transient reactance at the unsaturated conditions of rated current.

! ! .
Xau = Xdumaxs

where xjsn, is the required minimum value of x5, Xjumax IS the required maximum value of x/,.

The following suggestions may be considered in order to, on the one hand, cope with tolerances
and uncertainties in the calculations, manufacturing/assembly and testing and, on the other
hand, to allow a suitable and economic design:

0,1 p.u. < Xfgmin < 0,25 p.u.

0,3 p-u. < Xymax < 0,45 p.u.
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In case both values are specified then the ratio between xj,ma. / X4smin Shall be at least 1,5 p.u.
Higher ratios in the range 2 p.u. to 3 p.u. are regarded as more reasonable.

Requiring x}ymaex < 0,3 p.u. and/or xgs,im = 0,2 p.u. may lead to non-economic designs.

If it is agreed that values are to be determined by tests, tests shall be conducted in accordance
with IEC 60034-4-1. For tolerances, see 5.9.

5.8.3 General case

Electrical parameters of the machines, such as synchronous reactances, transient reactances,
subtransient reactances, short circuit ratio and time constants, etc., shall be defined by the
purchaser in the special technical specifications to meet operational requirements of the grid
and the machine itself.

5.9 Tolerances on reactance

Where limiting values of this document or other limits have been specified or agreed upon, there
shall be no negative tolerance on minimum values and no positive tolerance on maximum values.
A positive tolerance about declared values on minimum values and a negative tolerance about
declared values on maximum values of 15 % for steady state and 30 % for transient and sub
transient, shall apply.

If values are specified but not declared to be limits, they shall be regarded as rated values and
shall be subject to a tolerance of +15 % for steady state, and 30 % for transient and sub-
transient states. If no values have been specified by the purchaser, the manufacturer shall
provide values with a tolerance of +15 % for steady state, and +30 % for transient and sub-
transient states.

5.10 Total harmonic distortion (THD)

Total harmonic distortion (THD) for line to line voltage of the hydrogenerator (motor-generator
in generator mode) under open-circuit condition on stator winding at rated speed and rated
voltage shall not be more than 3 %. In case excitation system is supplied together with the
machine then its effects shall be included if the excitation power is derived directly or through
an excitation transformer directly connected to the main leads.

5.11 Torques

For motor-generators where asynchronous starting method is to be used, the locked-rotor and
pull-in torques shall be determined according to requirement of grid and the pump-turbine
operational requirements.

6 Temperature

6.1 Temperature rise

The machines shall be designed for long term operation continuously under environmental and
rated conditions defined in Clause 4. The temperature rise limits of stator core, stator and field
windings shall not exceed the requirement of Table 4.

The temperature rises in Table 4 (except for pure water for water cooled machines defined in
the Table 4) refer to cold air, 40 °C. If the cold air temperature is different from 40 °C, then
temperature rise should be adjusted according to IEC 60034-1.
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Table 4 — Temperature rise limits

The temperature rise limits for different insulation thermal class
K
i 130(B) 155(F)
Different parts

Infrared Resistance Embedded Infrared Resistance Embedded

method temperature temperature method temperature temperature

(optional) method detector (optional) method detector

(ETD) (ETD)

Stator winding — — 85 — — 110
Stator core — 75 — 100
Pure water for — 25 — 25
water cooled
machines 2
Field winding — 90 — — 115 —
Other components | The temperature rise of these components shall not cause damage to itself and the
not in contact with | insulation of adjacent components.
windings
Surface of 75 — — 85 — —
collector ring °

a8 Temperature rise in this line refers to the cold water at inlet.

b Infrared method requires a proper adjustment of the emissivity coefficient for polished surface of the collector
ring. Furthermore, it shall be noted that the indicated temperature rise values are recommended in order to
have a temperature on the brushes not much higher than 100 °C that is beneficial for the suitable operation of
the brushes commonly used in hydrogenerators and motor-generators. The temperature rise or temperature
of any collector ring (slip ring), brush or brush gear shall not be detrimental to the insulation of that part or any
adjacent part. The temperature rise or temperature of a collector ring (slip ring) shall not exceed that at which
the combination of brush grade and collector ring material can handle the current over the full operating range.
There may be applications of higher temperature brush material; in such case, the admissible values shall be
agreed upon between purchaser and manufacturer.

If the purchaser requests class 155(F) insulation system to be operated at a class 130(B)
temperature, then the class 130(B) temperature rise values will be used.

If the purchaser requests class 155(F) insulation system to be operated at a class 130(B)
temperature or lower, then temperature rise correction based on rated voltage according to
IEC 60034-1 is not necessary.

The highest reading from the ETDs shall be used to determine the temperature or temperature
rise of component with respect to the guarantee values.

6.2 Measurements for the stator winding

For machines with a core length up to 1,5 m, the stator winding shall have a minimum of 6 ETDs
in one plane located in the axial centre of the core. For machines with a core length longer than
1,5 m, 3 planes shall be used with a minimum of 6 ETDs on each plane, one at the centre of
the core, the others at about 200 mm from each core end. ETDs shall be distributed uniformly
along the circumference in each plane.

If RTDs are used as ETDs, the active length of such a sensor is up to e.g. 300 mm. For correct
placement, the middle of the active length of such a sensor shall be taken to respect the above
distance of 200 mm from core end.

The ETDs shall be positioned between the top and bottom bars/coils preferably within the same
phase and placed in the centre fillers where the groove shall be placed to the top bars/coils.
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None of the temperature rise values from the readings of the ETDs shall exceed the values
indicated in Table 4 and the difference in the readings among the ETDs installed in the same
plane shall not exceed by more than 5 K the average value of this plane.

If ETDs are installed in more than one plane, the average value of each plane, compared with
the average value of the three planes, shall not differ by more than 5 K.

For the machines with asymmetric ventilation circuits (e. g. horizontal machines with cooler
arranged below the machines), or machines without radial ducts in the stator and/or in the rotor,
and/or with cooling air supplied only from 1 side, e.g. like bulb generators, the average value
of each plane, compared with the average value of the three planes, shall not differ by more
than 10 K and ETDs installed in the same plane shall not exceed by more than 10 K the average
value of this plane.

It is important to note that the readings of RTD in the slots are not an indication for the hot-spot
temperature of the stator winding. The RTD temperature readings may be used to monitor the
operation of the cooling system of the stator winding.

With directly cooled stator winding, at least three temperature detectors shall be in intimate
contact with the cooling medium at the outlet of the winding. If the winding is water cooled, they
shall be installed on the piping inside the generator frame or as near as practicable to where
the primary coolant leaves the frame, care being taken that there is no significant temperature
difference between the point of measurement and the point where the coolant leaves the
winding. The number of temperature detectors measuring the coolant temperature at the intake
to the machine shall be agreed upon.

6.3 Measurements for the stator core

For machines with a core length up to 1,5 m, the stator core shall have a minimum of 6 ETDs
for each plane. One or two planes can be used. For the machines with a core length longer than
1,5 m, 3 planes shall be used with a minimum of 6 ETDs on each plane, one at the centre of
the core, the others at about 200 mm from each core end. ETDs shall be distributed uniformly
along the circumference on each plane. Each ETD shall be inserted into the core from the back
of the core at about 50 % of the radial height of the stator yoke.

None of the temperature rise values from the readings of the ETDs shall exceed the values
indicated in Table 4 and the difference in the readings among the ETDs installed in the same
plane shall not exceed by more than 5 K the average value of this plane.

If ETDs are installed in more than one plane, the average values among the planes shall not
differ by more than 5 K.

For the machines with asymmetric ventilation circuits (e. g. horizontal machines with cooler
arranged below the machines), or machines without radial ducts in the stator and/or in the rotor,
and/or with cooling air supplied only from 1 side, e.g. bulb generators, the average value of
each plane, compared with the average value of the three planes, shall not differ by more than
10 K and ETDs installed in the same plane shall not exceed by more than 10 K the average
value of this plane.

6.4 Correction due to deviation from reference operation

For conditions deviating from reference operating condition and ratings as shown in Clause 4,
temperature limits shall be corrected according to IEC 60034-1.
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6.5 Bearing temperature

The allowable temperature for thrust bearing and guide bearing shall be defined in specific
technical requirements by manufacturer and purchaser. The temperature can be measured by
embedded temperature detector method. The temperature is defined for the typical sensor
position approximately in the middle of the pad, 20 mm to 30 mm below the friction surface.

Guidance regarding the number of sensors is provided in Table 14.

7 Operating performances and electrical connections

71 Special operational requirements
711 Stator overload current

Short time balanced overload current operation is permitted for the machines without significant
detrimental impact of the life time. Overload current multiples of stator windings and
corresponding permitted time durations shall not exceed the values stipulated in Table 5.
Further, the average number of permitted overload current times shown in Table 5 shall not
exceed two times per year. If two overload current events take place subsequently, the interval
duration between two events shall be sufficient for the machine to be fully cooled to normal
temperature or below.

For a machine that needs overload operation, the permitted overload current multiple and time
duration shall be defined in the special technical specifications.

Table 5 — Permitted overload current multiple vs. time duration

Overload current multiple of windings

(current / rated current ) Permitted time duration

S

1,20 85
1,30 54
1,40 39
1,50 30

7.1.2 Rotor overload current

Field windings of machines shall withstand short time overload current. Overload current
multiple and corresponding permitted time duration shall not exceed the values stipulated in
Table 5. Further, the average number of permitted overload current times shown in Table 5
shall not exceed two times per year. If two overload current events take place subsequently,
the interval duration between two events shall be sufficient for the machine to be fully cooled
to normal temperature or below.

For a machine that needs overload operation, the permitted overload current multiple and time
duration shall be defined in the special technical specifications.

7.1.3 Continuous unbalanced load

When machines operate in an unbalanced power system, the machines shall be able to operate
continuously under the following conditions that the phase current of any phase does not exceed
the rated current (Zy) and the ratio of negative sequence component current (I,) to the rated

current are in accordance with the values in Table 6.

For motor-generator, the output in generator mode shall be used for Table 6. Documents
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Table 6 — Permitted negative phase sequence current for the machines

Cooling type of stator winding Ll
Indirect cooling 8 %
Direct cooling 5%

For improvement of continuous unbalanced load capability, the use of complete damper
windings (damper windings with interpolar low resistance connections) is recommended.

If the power load has a significant level of harmonics with different frequencies, the permissible
negative sequence current of the machine shall be smaller than the limit given by Table 6. If
equivalent negative current capability of the machine is considered containing the harmonics,
the limit value shall be determined by agreement between manufacturer and purchaser.

7.1.4 Short time unbalanced load

When hydrogenerators and motor-generators operating in generator mode operate for a short
time under unbalanced fault conditions, the permissible integral of the square of the ratio of
negative sequence component current (i,) to the rated current (per unit values) over permitted

unbalanced operating time, JTizzdz shall be as the values in Table 7 (where T is the transient
0

sustaining time).

The operation under such conditions may produce high temperatures on the damper windings,

more specifically on the damper bars. Appropriate design shall be considered to prevent
thermo-mechanical injuries to the damper windings.

Table 7 — Permitted negative phase sequence current for the machines

T
Cooling type of armature winding I izza’t
0
Indirect cooling with air 20s
Direct cooling with water or evaporative medium 15s

7.1.5 Mechanical output overload

Motor-generators shall be designed to withstand infrequent operation of 150 % rated torque for
a minimum of 15 s without pulling out of synchronism when operating under motor mode at
rated power factor, stator voltage and field current.

7.1.6 Sudden short circuit

The hydrogenerator or motor-generator shall be designed to withstand a short circuit of any
kind at its terminals ‘without failure’, while operating at rated load and 1,05 p.u. rated voltage,
assuming the maximum phase current is not higher than the maximum phase current obtained
from a sudden three-phase short circuit.

'Without failure' means that the machine shall not suffer damage that causes it to trip out of
service, though some deformation of the stator winding or loosening of end winding fixation
might occur.

If despite the negative impacts on life time (refer to 9.3), a sudden short-circuit test is agreed
on a new machine, the test voltage shall be chosen so that the same maximum stator current
is obtained as it would result in service from a three-phase sudden short circuit applied at the
high voltage terminals of the transformer. ocuments
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This test shall be considered successful if the generator is subsequently judged to be fit for
service without repairs or with only ‘minor repairs’ to its stator windings, and if it withstands a
high-voltage test of 80 % of the value specified in 8.2.6 for a new generator. The term ‘minor
repairs’ implies some attention to deformation or loosening of stator windings or end winding
bracing structures as well as to applied insulation, but does not imply replacement of bars/coils.

Abnormal high currents and torques can occur as a result of a short circuit close to the machine
in service, or of clearance and re-closure of a distant fault, or of faulty synchronization. If such
conditions imposed severe overcurrent, the machine should be examined thoroughly, with
particular attention to the stator windings. Any loosening of supports or packings should be
made good before returning to service, in order to avoid consequential damage caused by
vibration. Checks for possible shaft balance changes and deformation of the coupling bolts and
couplings are also recommended.

7.2 Connection to grid
7.21 Synchronization

The machines shall be synchronized to the grid by using synchronizing method, and
synchronizing closing angle shall be in the range of +10° (electrical angle), maximum
synchronizing voltage difference shall be in the range of 0 to +5 %, maximum synchronizing
frequency difference shall be in the range of £0,11 % of power frequency.

If speed control and excitation systems work properly, the machine is capable of being
synchronized to the grid after load rejection without the need of prior standstill.

Unsuccessful synchronization can cause severe damages to the machine. Each faulty
synchronization shall immediately trip the machine off-line. Most critical are faulty
synchronizations that occur with a phase angle error of 120° to 180°, which causes extremely
high torques and currents and reduces the lifetime of the machine. Careful inspection of the
machine is required after a faulty synchronization. Furthermore, a trial of synchronization where
phase sequence (or “direction of rotation”) of the machine and phase sequence of the grid are
different (opposite sequences) shall be avoided.

The above described events may severely affect damper winding due to very high currents in
the damper bars as well as the field winding due to very high induced voltages between the
turns.

7.2.2 Application of load

The load may be applied rapidly and the rate of generator loading is limited by the ability of the
hydraulic system.

7.3  Starting of motor-generator

Generally, the starting method of a motor-generator under the condition of motor operation
mode can be selected from the following starting methods, where a) and b) are most commonly
used.

a) SFC starting;

b) Back to back starting;

c¢) Asynchronous starting;

d) Pony motor starting;

e) Aukxiliary turbine and torque converter.
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7.4 System earthing

All electrical conductive metallic parts in the electrical machine shall be grounded to the earthing
system with a conductor having a sufficient cross-section. Only the proper earthing of all
metallic parts can ensure a safe operation of the electrical machine.

Split flanges, even if not painted, are not allowed to be used as a connection. They do not
provide any defined current flow. Furthermore, the bolts could be spot welded or negatively
thermally affected due to high current in a failure case. There is therefore a risk of
damaging/weakening the bolted connection.

The following formula (according to EN 50522:2010) can be used for a rough estimation and
cross-check of the defined minimum required grounding cross-section:

A l tr
Tk 0748 (3)
In (_el+/;)

where:
A is the cross-section of the grounding connection [mm?];

I is the current of the connector [A].
Rough estimation is 3 x /. But it is usually given in the grounding schematic;

t; is the maximum time of the failure current [s].
Usually according to specification # = 1 s. For some regions it could be 3 s;

K is the constant depending on the material [A X /s/mm?], see Table 8;
B is the inverse value of temperature coefficient [°C], see Table 8;

0y is the final temperature of connector.
Usually 250 °C for non-isolated grounding connector [°C] ;

6; is the initial temperature of connector [°C] according to IEC 60287-3-1.
Usually 20 °C can be assumed.

Table 8 — Material properties for grounding connectors

Material B K
°C A X [s/mm?

Copper 234,5 226

Steel 202 78

Machines shall be provided with an earthing terminal or another device to permit the connection
to the earthing system.

Ly
The symbol = (IEC 60417:2002-5019) or legend shall identify this device. The earthing
terminal shall be designed to ensure a good connection with the earthing system without any
damage to the conductor or terminal.

The earthing system should be designed by the system integrator.
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The neutral point bus-bar cross-sectional area should be designed by the system integrator to
safely meet the short circuit current at earth fault during the time needed until the machine has
been disconnected by the protective system and is de-excited. The earthing terminal shall be

identified in accordance with IEC 60445.
7.5 Neutral point leads

The stator windings shall not be directly grounded at the neutral point to prevent stator core
damage from the effects of internal short circuit faults. To detect stator single phase ground
faults for all hydrogenerators and motor-generators a fault current limiting stator grounding
system should apply, either on the stator neutral point or line terminals.

The neutral point bus-bar cross-sectional area should be designed to safely meet the short
circuit current at earth fault during the time needed until the machine has been disconnected
by the protective system and is de-excited.

7.6 Rotating direction and phase sequence

Rotating direction of hydrogenerators and motor-generators shall be in accordance with
hydraulic machines.

The phase sequence of the machines shall be in accordance with the power grid to be
connected.

The time-phase sequence of the stator voltage shall then be indicated by marking the terminals
in the sequence in which their voltages reach maximum, for example, U4, V4, W, when rotating

in the direction driven by the turbine.

7.7 Stator winding

The stator winding shall be arranged in star configuration and all three lines and three neutral
terminals of the winding shall be accessible from outside of stator frame. The arrangement of
the electrical terminals shall be agreed upon by purchaser and manufacturer.

8 Winding insulation

8.1  Winding insulation performance
8.1.1 General

The stator winding as well as the field winding shall be insulated with appropriate insulation
systems. An insulation system includes the necessary combinations of insulation materials
around the electrical conductors.

A service proven insulation system shall be applied. In the case that changes have been made
to the insulation system then qualification tests according to IEC 60034-18-1, IEC 60034-18-32
and [EC TS 60034-18-33 shall be performed as applicable.

Insulation systems used for the windings of a generator or motor-generator shall be classified
according to IEC 60085. Thermal class 130 (B) or higher shall be applied.

NOTE The term “stator winding” includes the coils/bars and all electrical connections to the terminals. The term
“field winding” includes coils, connections between coils and connections to the collector rings.

8.1.2 Winding insulation resistance

The test of insulation resistance for assembled stator and field windings shall be performed in

accordance with IEC 60034-27-4. Documents
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For the assembled stator winding in new condition the measured value of each phase to ground
shall be at least 100 MQ and the polarization index shall be at least 2.

The specified limit of 2, does not apply for machines having galvanic contact of the stress
control coating to the connections. For these machines refer to IEC 60034-27-4. In addition, for
machines having galvanic contact of the stress control coating to the connections, achieving
the minimum one-minute insulation resistance may require some hours of operation at normal
operating temperature.

New machines with cold curing insulation material in the winding connections can have issues
to reach the 100 MQ level. After some hours of operation at rated temperature the insulation
resistance increases, and the limit can be met.

For the assembled field winding in new condition (dry and clean) the recommended value will
be at least 100 MQ. However, depending on environment, especially high humidity, lower values
might be acceptable but shall be no lower than 1,5 MQ (refer to IEC 60034-27-4).

If measurement is done out of the range from 10 °C to 40 °C, then correction of the values
shall be made according to IEC 60034-27-4.

A suitable test voltage is to be selected according to Table 9 for the measurement.

Table 9 — Test voltage for insulating resistance measurement

Rated voltage Field winding Stator winding
kv Voe Vpe
<12 2 500 to 5 000
12to 19 500 5000 to 10 000
>19 10 000

8.1.3 Dielectric dissipation factor measurements on new stator bars or coils

The maximum dielectric dissipation values for fully processed single bars or coils shall be in
accordance with the values given in Table 10.

The number of bars (coils) to be tested shall be 100 % of the total bars(coils).

Table 10 — Dielectric dissipation factor

Guarding technology method specified in IEC 60034-27-3.

Full document details: IEC 60034-33-2022

Test voltage 0,2 Uy 0,2 Uy~0,6 U,
Atano
Dielectric dissipation factor tand tang,, ,, =tand, ., —tand,,,
Maximum value % <1,5 <0,5 0,25
UN:rated voltage of the machine, kV.
Atan5: maximum increment of tané between each 0,2 Uy increment from 0,2 Uy to 1,0 Uy-
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8.1.4 Partial discharge measurements for stator winding

Partial discharge tests for form wound windings and winding fully processed components as
bars and coils shall be in accordance with IEC60034-27-1. This test can be applied alternatively
to the measurements described in 8.1.3. upon purchaser request or by internal experience of
the manufacturer in order to verify the consistency of the production lot.

8.1.5 Voltage withstand test for turn insulation of multi-turn coil for stator

Impulse voltage withstand test for multi-turn coils turn insulation shall be performed in
accordance with IEC 60034-15.

8.2 Voltage withstand tests
8.21 Stator bars/coils

Before delivery of individual fully processed stator bars/coils for a machine, an AC (50/60 Hz)
voltage withstand test shall be conducted on each single stator coil/bar (test requirements shall
be in accordance with IEC 60060-1), the test voltage shall be 2 Uy + 5 kV for 1 min.

8.2.2 Inserted stator bars/coils

When fully processed bars/coils are inserted in the stator core it is recommended to perform an
intermediate test after insertion of the bottom layer with an AC (50/60 Hz) test voltage of
2 Uy + 4 kV for 1 min. After insertion of the top layer, a further intermediate voltage withstand

test may be made with a recommended voltage of 2 Uy + 3 kV for 1 min.

8.2.3 Stator winding completed before rotor inserted

After insertion of all bars/coils and completion of all connections and mechanical fixation of the
stator end winding, e.g., lashing and before the insertion of the rotor, an intermediate voltage
withstand test shall be made with a recommended voltage of 2 Uy + 2 kV for 1 min.

8.2.4 Field winding before delivery

Before delivery, a voltage withstand test shall be conducted on each pole (test requirements in
accordance with IEC 60060-1). The values for this withstand test shall be 10 % higher than the
values given in Table 11 and duration shall be 1 min.

A test of the turn insulation shall be performed on each pole with a turn voltage equal or higher
than the maximum induced turn voltage due to three phase short circuit on the stator leads.
Surge devices may be used for this test. Alternatively, AC sources with appropriate frequency
can also be used.

The maximum induced turn voltage in the field winding due to a sudden short circuit on the
stator leads can be calculated either by means of FEM or alternatively with reasonable accuracy
by the following formula:

Unomar = 18528 Ay tyon 2y 4)
where:
Uwamax is the maximum induced turn voltage, in V;
Xq is the synchronous d-axis reactance unsaturated, in p.u.;
X5 is the transient d-axis reactance unsaturated, in p.u.;
Xad is the d-axis main field reactance, in p.u.;
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Ar is the ampere winding or linear current density of armature reaction referred to pole
pitch, in A/mm;
Tp is the pole pitch, in mm;

Wy is the rated angular frequency, in rad/s;

l is the pole body leakage permeance, in H.

pSs
8.2.5 Field winding completed

When the installation of the field winding is completed, and before inserting into the machine,
an AC (50/60 Hz) voltage withstand test shall be conducted on the field winding (test
requirements shall be in accordance with IEC 60060-1). The values for this withstand test shall
be in accordance with Table 11 and duration time shall be 1 min.

8.2.6 Stator winding for completed machine

For the completed machine with all its parts in place under conditions equivalent to normal
working conditions, an AC (50/60 Hz) voltage withstand test shall be conducted on the stator
winding (test requirement shall be in accordance with IEC 60060-1), the test voltage shall be
2 Uy *+ 1kV for 1 min.

8.2.7 Field winding for completed machine

When the installation of the field winding is completed for a machine, an AC voltage withstand
test shall be conducted on the field winding (test requirements shall be in accordance with
IEC 60060-1). The values for AC voltage withstand test shall be in accordance with Table 11
and duration time is 1 min.

Table 11 — Testing values for voltage withstand test of field winding

Rated field voltage (DC) Values for AC (50/60 Hz) voltage withstand test
500 V and below 10 times of rated field voltage (the minimum is 1,5 kV)
above 500 V 2 times of rated field voltage +4 kV

8.2.8 DC alternative tests

AC voltage withstand tests for stator winding at 50/60 Hz are strongly preferred. An alternative
DC voltage withstand test for stator and rotor winding may be applied instead using a DC test
voltage of 1,7 times the relevant AC voltage value.

8.2.9 Global VPI stators

In case of using global VPI process, voltage withstand testing starts from 8.2.3.

8.3 Breakdown test for insulation

A breakdown voltage test on the stator main insulation of fully processed individual bars or coils
may be performed as type test, by directly increasing the AC voltage at a rate of 1 kV/s to 2
kV/s up until breakdown (or flash over) occurs. The test may be performed in an oil tank, on at
least one coil or two bars.

The breakdown voltage shall be at least 4 Uy + 10 kV.

As the purpose of this test is to verify the main insulation, the end winding corona protection
may be specifically adapted for this test.
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If a flash over in the end winding occurs at lower voltage than the limit specified above, the end
winding corona protection can be repaired and the test repeated.

8.4 Voltage endurance test for insulation

A voltage endurance test can be performed as a type test on full sized bars/coils if required by
the technical requirement between purchaser and manufacturer.

Voltage endurance test for stator windings can be conducted in accordance with IEEE 1043 ™
and IEEE 1553™. The test voltage and values of qualified time limit shall meet the requirements
shown in Table 12.

Table 12 — Test voltage and time limits

Rated line-to-line Rated line-to-ground Schedule A Schedule B
voltage voltage

400 h 250 h

kV kV
Voltage-endurance test voltages kV
Column 1 Column 2 Column 3 Column 4
6,0 3,46 13,0 15,2
11,0 6,35 23,9 27,9
11,5 6,64 25,0 29,1
12,0 6,93 26,1 30,4
12,5 7,22 27,1 31,7
13,8 7,97 30,0 35,0
15,0 8,66 32,6 38,0
15,5 8,95 33,6 39,3
16,0 9,24 34,7 40,6
17,0 9,82 36,9 43,1
18,0 10,39 39,1 a
19,0 10,97 41,2 a
a8 It is recommended that for test voltages above 43 kV the actual test voltage be negotiated between
manufacturer and purchaser.

It is recommended that for rated line-to-line voltage above 19 kV, the actual test voltage be
negotiated between manufacturer and purchaser. Generally, schedule A is preferred for the test.

For machines with a voltage rating between the levels stated in Column 1 of Table 12, it is
recommended that the test voltages (Column 3 and Column 4) be determined by interpolation.
It is recommended that the same voltage ratio, namely 3,76 or 4,39 times line-to-ground r.m.s.
voltage (Column 2 values), be used when specifying the testing voltage or respectively 2,17 or
2,54 times phase to phase r.m.s. voltage.

The test temperature is either room temperature or the expected operating temperature of the
stator winding. Forced cooling of end winding is allowed during the test.

Some erosion or discoloration of the slot and end winding corona protection during the voltage
endurance test may occur and is not considered to be an insulation failure. It shall be agreed
between the purchaser and the manufacturer prior to the beginning of the test whether or not
deterioration involving the corona protection of the end winding and slot is to be monitored and
repaired periodically during the progress of the voltage endurance test.
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8.5 Thermal cycle test

Thermal cycle test can be performed as a type test on full sized bars/coils for air-cooled
machines like pump storage motor-generators and generators that are frequently used to adjust
power loads and start/stop, however, it does not simulate actual service conditions for machines
during operation, and may lead to artefacts. If the test is agreed upon, the following precautions
shall be considered:

e Thermal cycle testing can be performed as a special test on full sized bars/coils.

e The thermal cycle test is primarily intended for air cooled machines like pump storage motor-
generators and generators that are frequently used to adjust power load.

o Perform the test according to IEEE 1310™.

¢ Only voltage endurance test according to 8.4 or break down test according to 8.3 shall be
used as pass/fail criterion after the stator coils or bars have been subjected to thermal cycle
test.

e The test is not typically applied to machines whose core lengths are 1 m or shorter.

A reduction up to 10 % in the life hours of voltage endurance test given in Table 12 or up to
15 % in the breakdown voltage 4 U,, + 10 kV (see 8.3) may be used as criteria.

8.6  Stator winding terminals

In the case where the terminal box of the machine is equipped with porcelain insulators, the
terminal insulators shall be electrically tested independently of the machine winding. The
dielectric test shall be done at power frequency for 60 s in air at voltage level not less than
1,5 times the one defined in 8.2.6. This test can be performed by the supplier of the terminal
insulator as factory acceptance test.

9 Mechanical performances and design

9.1 Rotating part mass moment of inertia

The mass moment of inertia (J) of rotating part of the machine shall be defined by the purchaser
in the generator design specification.

NOTE The mass moment of inertia (J) in this document refers to generator only.
9.2 Maximum speed

The machine shall be able to withstand maximum design speed according to operation of hydro
turbine without any harmful deformation and damage. The maximum design speed and its
duration shall be provided in the technical specification.

The maximum design speed shall be given or defined by the purchaser, including the transient
conditions, such as the maximum runaway speed during load rejection of adjacent units
installed in the same penstock bifurcated to the units.

Due to settling of laminated rotor rims, laminated poles held by wedges or by bolts, etc., some
small permanent increase in the diameter is natural, and shall not be considered as an abnormal
deformation indicating that the machine is not suitable for normal operation.

9.3  Structural strength

The structural strength of the machines shall be able to withstand all loads, listed below, acting
on the unit, without harmful deformation or damage, which may appear during operation, fault
cases and regular service. These loads shall be taken into account in the design of the machine.
The structure shall be designed considering static and dynamic loads with respect bfati ue.
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Load cases the machines shall be able to withstand:

a) Normal operation including normal start-stops and normal synchronization;

b) Load rejection or emergency stop at rated output;

c) Three phase sudden short circuit fault under conditions given in 7.1.6;

d) Two phase sudden short circuit fault under conditions given in 7.1.6;

e) 120° faulty synchronization at rated voltage;

f) Maximum design speed due to hydro turbine application;

g) The unbalanced magnetic force due to the short circuit of 50 % of the rotor poles at rated
conditions.

The events indicated in items c), d), €) and g) are very seldom and may be considered as static
load cases and it is assumed that not more than 5 of such events in total (accumulated for all
4 cases together) may occur during the design lifetime while none of it may happen more than
2 times during the design life time.

For item f), over-speed due to load rejection in pump-storage power plants is generally lower
than maximum design speed but more frequent and needs to be considered separately.

As for the events above except normal operation and load rejection, “without harmful
deformation or damage”, means that the machine shall not suffer damage that would cause it
to trip if re-connected, though some small deformation of the stator winding or loosening of end
winding blockings or of wedges in the rotor pole fixation or in the rotor rim might occur. A careful
inspection of the machine as well as a high voltage potential test (at e.g. 110 % to 150 % of
rated line to line voltage according to the age of the winding of machine, the higher value for
newer machine and lower value for older machine) is strongly recommended, minor repairs
might be performed. The term ‘minor repairs’ implies some attention to small deformation or
loosening but does not imply replacement of coils, bars, poles, etc.

9.4 Critical bending speed

The first critical bending speed needs to be at least 10 % higher than the maximum design
speed of the machine.

In case of non-symmetrical bearing support structure, natural frequency of backward whirl
component need to be checked.

9.5 Start and stop of motor-generators

For the motor-generators a daily average number of starts and stops of eight times (one cycle
composed of both starting up and shutting down process is calculated as one time) shall be
considered over 40 years.

9.6 Start and stop of hydrogenerators

For hydrogenerators, a daily average number of starts and stops equal to twice per day over
40 years shall be considered.

9.7 Over speed

A total of 500 full-load rejections and three maximum design speed events shall be considered
for a 40-year mechanical lifetime of hydrogenerators and motor-generators.
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9.8 Fatigue verification

After static verification is performed, fatigue verification shall be performed. Fatigue verification
to demonstrate structural strength considering load cycles given in 9.5 to 9.7 shall be performed
according to guidelines like FKM standards.

10 Core vibration

Vibration phenomena are conveniently separated into two groups. Low and high frequency
vibration.

Low frequency vibration is mainly due to mechanical reasons such as unbalance. Frequencies
are below and not including 100 Hz / 120 Hz. Measurements shall be made on the mechanical
structure as the stator frame with velocity probes. It is recommended to measure amplitude and
spectra. Upper limits are 0,08 mm peak-to-peak for new machines and 0,12 mm peak-to-peak
for machines in operation. Threshold for intervention is 0,160 mm peak-to-peak.

High frequency vibration is mainly due to electrical phenomena. Frequencies are at 100 Hz /
120 Hz and above. Measurements shall be made on the stator core.

For vertical machines, the stator core vibration shall be measured as follows.

For stator core horizontal (radial) vibration test, a minimum of 2 transducers shall be positioned
at the level of 2/3 of stator core height, and each position of 90° around circumference. The
sensors need to be directly attached to the core.

Vibration in the stator core of vertical machines in rated operation conditions shall be not more
than the either the displacement or velocity limits in Table 13.

Table 13 — Limits for vibration in the core

Power frequency Item Displacement Velocity
Hz
Sp-p Vrms
mm mm/s
Horizontal (radial)
50 vibrations for 100 Hz 6.7
0,03
60 Horizontal (radial) 8
vibrations for 120 Hz

For horizontal machines the limits given in Table 13 can be used as a reference but shall be
agreed between purchaser and manufacturer.

11 Noise

Noise level (measured as sound pressure) for hydrogenerators and motor-generators shall be
measured at rated (or agreed) load condition at the following positions (see Figure 3):

For vertical machines in concrete housing: measured at 1 m high above generator top cover
and 1 m outside from the outer circumference of the generator top cover. It shall be measured
at 6 equally distributed locations around the circumference to determine the average value.
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