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* |EC Yearbook
On-line access*

* Catalogue of IEC publications
Published yearly with regular updates
(On-line access)*

Terminology, graphical and letter.8ymbols

For general terminology, readerss are referred to IEC 60050: [International
Electrotechnical Vocabulary (IEV)«

For graphical symbols, and-letter symbols and signs approved by the IEC for
general use, readers are réfefrred to publications IEC 60027: Letter symbols to be
used in electrical technolegy, |EC 60417: Graphical symbols for use on equipment.
Index, survey and compilation of the single sheets and IEC 60617: Graphical
symbols for diagrams

IEC publieations prepared by the same technical committee

The attention of readers is drawn to the end pages of this publication which list the
IEC publications issued by the technical committee which has prepared the present
publication.

* See web site address on title page.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HYDRAULIC TURBINES, STORAGE PUMPS AND PUMP-TURBINES —

TENDERING DOCUMENTS -

Part 6: Guidelines for technical specifications
for pump-turbines
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FOREWORD

IEC (International Electrotechnical Commission) is a worldwide organization for standardization con
national electrotechnical committees (IEC National Committees). The object of théEC is to ¢
rnational co-operation on all questions concerning standardization in the electrical and) electronic fig

end and in addition to other activities, the IEC publishes International Standards. Their prepar
usted to technical committees; any IEC National Committee interested in the ‘subject dealt wi
icipate in this preparatory work. International, governmental and non-governmeéntal organizations

the IEC also participate in this preparation. The IEC collaborates closely with.the International Orga

Standardization (ISO) in accordance with conditions determined ~by "agreement between t
hnizations.

formal decisions or agreements of the IEC on technical matters ‘express, as nearly as possi
rnational consensus of opinion on the relevant subjects since eaCh*technical committee has represq
h all interested National Committees.

documents produced have the form of recommendationsfo¥ international use and are published in t

tandards, technical reports or guides and they are accepted by the National Committees in that sense.

brder to promote international unification, IEC National' Committees undertake to apply IEC Inter
hdards transparently to the maximum extent passible in their national and regional standard
ergence between the |IEC Standard and the corresponding national or regional standard shall be
cated in the latter.

IEC provides no marking procedure to, indicate its approval and cannot be rendered responsible
ipment declared to be in conformity with_ohe of its standards.

ntion is drawn to the possibility that<some of the elements of this International Standard may be the
atent rights. The IEC shall not be.held responsible for identifying any or all such patent rights.

main task of IEC techmical committees is to prepare International Standard
tional circumstances,‘a technical committee may propose the publication of a tec
of one of the following types:

pe 1, when the ‘required support cannot be obtained for the publication of an Interng
andard, despite repeated efforts;

pe 2, whenthe subject is still under technical development or where for any other r
bre is—the future but no immediate possibility of an agreement on an Interng
andard;
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pe™3, when a technical committee has collected data of a different kind from that which is

normally published as an International Standard, for example "state of the art".

Technical reports of types 1 and 2 are subject to review within three years of publication to
decide whether they can be transformed into International Standards. Technical reports of
type 3 do not necessarily have to be reviewed until the data they provide are considered to be
no longer valid or useful.

IEC 61366-6, which is a technical report of type 3, has been prepared by IEC technical
committee 4: Hydraulic turbines.
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The text of this technical report is based on the following documents:

Committee draft Report on voting

4/110/CDV 4/122/RVC

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

Technical Report IEC 61366-6 is one of a series which deals with Tendering Documents for
hydraulic turbines, storage pumps and pump-turbines. The series consists of seven parts:

IEC 6

Part 2:
Part 3:
Part 4:
Part 9:
Part q:
Part 7:

Parts

1366-1: General and annexes (IEC 61366-1)

Guidelines for technical specification for Francis turbines (IEC 61366-2)
Guidelines for technical specification for Pelton turbines (IEC 61366-3)

Guidelines for technical specification for Kaplan and propeller turbineS~(+HEC 61366
Guidelines for technical specification for tubular turbines (IEC 61366-5)
Guidelines for technical specification for pump-turbines (IEC 61366-6)

Guidelines for technical specification for storage pumps (IEC 61366-7)

2 to 7 are "stand-alone" publications which when. used with IEC 61366-1 c

guide
Tend

arran
sectig

A bilin

Kapljf and propeller turbines). A summary of the preposed contents for a typical

ines for a specific machine type (i.e. Parts 1 and 4(represent the combined gui
ring Documents is given in the following table Asand annex A. Table 1 summariz
ement of each part of this guide and serves.as‘a reference for the various chapte
ns of the Tendering Documents (see 3.2 ofcthis part).

gual edition of this technical report may'be issued at a later date.
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HYDRAULIC TURBINES, STORAGE PUMPS AND PUMP-TURBINES —

TENDERING DOCUMENTS -

Part 6: Guidelines for technical specifications
for pump-turbines

0 Introduction to technical specifications

The

requinements for the hydraulic machine for which the Tendering Documents (TD)-are
issuedl. To achieve clarity and to avoid confusion in contract administration\(the Em
shoul@l not specify anything in the technical specifications which is of importance only
preparation of the tender. Such information and instructions should be-given only

instruftions to Tenderers (ITT). Accordingly, the ITT may refer to other.Chapters and se|
of thel Tendering Documents but not vice versa. As a general rule the word "Tenderer" 4
be cqnfined in use only to TD chapter 1 "Tendering requirements"”; elsewhere the
"Contractor” should be used.

Specipl attention should be given to items of a project specific nature such as mat
protegtive coating systems, mechanical piping systems, electrical systems and instrumen
It is common for the Employer to use technical standatds' for such items which would ag
all contracts for a particular project or projects. In\¢his event, detailed technical stan
shoulgl be specified in TD chapter 5 "General requirements”.

Tech
provided in the following parts:
— Francis turbines (Part 2);
— Peglton turbines (Part 3);

- K
— Tdbular turbines (Part 5);
— Pump-turbines (Part 6);
— Stprage pumps (Part\7).

The duidelines forypreparation of pump-turbine specifications include technical specific

I

for th

— Design conditions: Project arrangement, hydraulic conditions, specified conditions, T
of| operation conditions, generator characteristics, motor characteristics, synchr
cgndenser characteristics, speed-up procedure for pump mode, transient behaviour|

main purpose of the technical specifications is to describe the specifiey-iec

ical specifications for the various types of hydraulic machines included in this guig

aplan and propeller turbines-(Part 4);

following:

hnical
being
bloyer
o the
n the
ctions
should
term

erials,
ation.
ply to
dards

e are

Ations

hodes
pNous
data,

fluctuations and safety requirements.

— Technical performance and other guarantees:

power
discharge

specific hydraulic energy (head)
efficiency

maximum momentary pressure
minimum momentary pressure
maximum momentary overspeed
maximum steady-state runaway speed
cavitation pitting

hydraulic thrust

Issure
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* change-over times
* maximum weights and dimensions for transportation, erection and maintenance

Mechanical design criteria: design standards, stresses and deflections and special design
considerations (earthquake acceleration, etc.).

Design documentation: Contractor’s input needed for the Employer's design, Contractor's
drawings and data, Contractor's review of the Employer's design and technical reports by
the Contractor.

Materials and construction: material selection and standards, quality assurance procedures,
shop methods, corrosion protection and painting.

Shop inspection and testing. general requirements and reports, material tests and
cdrtificates, dimensional checks, shop assembly and tests.

Fiked/embedded components: spiral case with compressible wrapping (if any);»stay ring,
foundation ring, discharge ring, draft tube, draft tube liner, pit liner, and foundation plates
and anchorages.

Stptionary/removable components: headcover, bottom ring, facing,\plates, statjonary
wearing ring, guide vanes.

Regulating apparatus for guide vanes: servomotor, connecting rods, regulating ring (if any),
gyide vane linkage system, guide vane overload protection~and locking devices and
mechanical synchronizing device (if any).

Rotating parts, bearings and seals: runner (impeller), main‘shaft, intermediate shaft (if any),
gyide bearing with oil supply, oil/water cooler, main shaft seal, standstill (mainterfance)
seal.

Thrust bearing (if part of the hydraulic machin€) stupply): bearing support, thrust plock,
rofating ring, thrust bearing pads and pivots, gilksump with oil supply (common with|guide
bdaring, if any), oil/water coolers, instrumentdation.

Miscellaneous components: walkways, lifting fixtures, special tools, standard tools, turbine
pil hoist, nameplate, draft tube maintenance platform.

Auxiliary systems: runner pressure balancing and pressure relief lines, turbine pit drginage
arld other drainage systems; lubrication, draft tube air admission, tailwater deprejssion,
cdoling water supply for runner, seal for blow-down operation.

Instrumentation: controls, indication and protection.
Spare parts: basic spare parts.

Model acceptance tests: test requirements.

Site installation and Commissioning tests: installation procedures and commissioning fests.
Field acceptanee tests: scope of field tests, reports and inspection of cavitation pitting|

exfample of-the proposed table of contents for Tendering Documents for a Francis turbine is

given|in ammex A of IEC 61366-1. The example does not include technical specifications |of the

contrg
starting

the

er for
1 0 ded in
Tendenng Documents for the pump- turblne or may be specmed in separate documents

I system shut-off vaIves gates motor- generator pony motor, frequency convert

Chapter 6 (technical specifications) of the Tendering Documents should be arranged as

follows:

6.1 Technical requirements;

6.2 Technical specifications for fixed/embedded components;

6.3 Technical specifications for stationary/removable components;

6.4 Technical specifications for guide vane regulating apparatus;

6.5 Technical specifications for rotating parts, guide bearings and seals;
6.6 Technical specifications for thrust bearing;

6.7 Technical specifications for miscellaneous components;
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6.8 Technical specifications for auxiliary systems;
6.9 Technical specifications for instrumentation;
6.10 Spare parts;

6.11 Model acceptance tests;

6.12 Site installation and commissioning;

6.13 Field acceptance tests.

1 Scope

This Elechnical report, referred to herein as the Guide, is intended to assist in the preparation of
Tendgring Documents and tendering proposals and in the evaluation of tenders faryhydraulic
mach|nes. This part of IEC 61366 provides guidelines for pump-turbines.

2 Reaference documents

IEC 60041:1992, Field acceptance tests to determine the hydraulic\performance of hydraulic
turbinges, storage pumps and pump-turbines

IEC 6P193:1965, International code for model acceptance testsof hydraulic turbines

IEC 60308:1970, International code for testing of sp€ed governing systems for hydraulic
turbines

IEC 60609:1978, Cavitation pitting evaluation in hydraulic turbines, storage pumps and pump-
turbines

IEC 6P805:1985, Guide for commissioning operation and maintenance of storage pumps and of
pumptturbines operating as pumps

IEC 60994:1991, Guide for field _measurement of vibrations and pulsations in hydraulic
machines (turbines, storage pumps and pump turbines)

IEC 6[L362,01 Guide to specification of hydro-turbine control systems 1)

ISO 3[740:1980, Acousties\> Determination of sound power levels of noise sources — Guidelines
for the use of basic standards and for the preparation of noise test codes

3 Tgchnical requirements

3.1 $cope of work

This subetause—shoutd—deseribe—the—scope—ofwork—ana—the—respoensibiities—whiech—arelto be
conferred upon the Contractor. The general statement of scope of work presented in TD 2)
section 2.1 (5.1 of IEC 61366-1) shall be consistent with what is presented here. In a similar
manner, pay items in the tender form, TD section 1.2 (4.2 of IEC 61366-1) should be defined in
TD subsection 6.1.1.

The scope of work should begin with a general statement which outlines the various elements
of the work including (where applicable) the design, model testing, supply of materials and
labour, fabrication, machining, quality assurance, quality control, shop assembly, shop testing,
spare parts, transportation to site, site installation, commissioning, acceptance testing,
warranty and other services specified or required for the items of work.

1) To be published.
2) All references to Tendering Documents (TD) apply to annex A of IEC 61366-1.
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The layout of a pump-turbine may lead to a single or multistage machine. The latter can be of a
regulated or non-regulated type. Economical operation and operational flexibility of a pump-
turbine set may require additional equipment such as starting turbine, pony motor, and
frequency converter for starting in the pump-mode. It is also possible to consider the use of a
motor-generator with different rotational speeds for pump and turbine mode.

Multistage pump-turbines are not presented in this volume. For the description of additional
components refer to Part 7 (storage pumps).

The general statement should be followed by a specific and detailed list of the major items
which the Employer wishes to have as separate payment items in the tender form, for example:

Item |Description

1 Four (4) vertical shaft, single stage, regulated Francis type pump-turbines,,each with a
specified power of not less than 255 MW under a specified specific hydraulic energy of
4 719 J/kg (head of 481 m), pump discharge of 42,5 m®/s with design tolerance of 45% to
+5 % at a specific hydraulic energy of 4 758 J/kg (pump head of 485 m);

2 Pump-turbine model testing;

3 Tools, slings and handling devices required for maintenance of‘the pump-turbines;

4 Transportation and delivery to site;

5 Site installation, commissioning and acceptance testing af\the pump-turbines;

6 Preparation and submission of operation and maintenance manual and training of
Employer's operating and maintenance staff in the-Optimum use of these manuals; de

7 Spare parts required for operation and maintenance.

3.2 Llimits of the contract

This g$ubclause, making reference to the Employer's drawings and data, should give in|detail
the limits of the contract considering the.following:
— ddtails of the design and supply\imits of the high-pressure reference section;

— ddtails of the design, location and responsibility for field connection of spiral cdse to
pgnstock or valve on hightpressure side;

— ddtails and location oftithe low-pressure reference section;
— ddtails and location_of the downstream termination of the draft tube liner;
— ddtails and location of pump-turbine valve and gate on high and low-pressure side;

— elevation of/the upper pump-turbine shaft flange and/or distance to the pump-turbine
distributor\centreline;

— repponsibility for supply and installation of flange coupling bolts, nuts and guards at motor-
ggnefator/pump-turbine coupling, including drilling jig;

— responsibility for supply and installation of bolts, nuts, gaskets at piping termination;
— termination of governor piping;

— termination of spiral case and draft tube dewatering piping;

— termination of spiral case air exhaust piping (if any);

— termination of pit drainage piping;

— termination of bearing lubricating oil piping;

— termination of piping (if required) to carry upper runner/impeller seal leakage to the draft
tube;

— termination of shaft seal piping (if any);

— terminations of piping external to that provided to enhance operating stability when the unit
is required to function outside the optimum operating conditions;
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— termination of cooling water piping for bearings, shaft seals and runner seals;
— pump-turbine head cover mounted thrust bearing (if specified);

— termination points and junction boxes for wiring for power, control, indication, protection,
and lighting;

— compressed air for blow-down, service and other functions.
NOTE - Contract limits will change if other major items of equipment (such as control system, valves and gates,

motor-generators, excitation systems, control metering and relaying systems, switchgear, power transformer and
thrust bearing) are included with the pump-turbine equipment in a common set of Tendering Documents.

3.3 S‘||pp|¥ bé; Emlr_\lnynr

This gsubclause should be complementary to 5.6 of IEC 61366-1 (TD subsection-2.9) and
should list the items and services which will be the responsibility of the Employer orothersg. The
following should be considered:

— segrvices during erection;
— temporary enclosures for site storage of pump-turbine parts or for eré¢tion;

— installation in primary concrete of small items provided by the Gontractor such as anghors,
sdle plates and piping;

— cgncrete for embedment of pump-turbine components - sugply, placement and controlj;
— grput injection if required either within or around pump-tyurbine components;

— pgwerhouse crane and operator;

— cdnnections to powerhouse air, oil and water piping systems;

— supply of filtered water for pump-turbine shaftseals;

— sUypply of cooling water for runner seals;

— electrical wiring and hardware external to specified termination points;

— electric motor starters and controls;

— cdntrol, annunciation and protectioh systems external to specified termination points;
— external lubricating oil storage; distribution, and purification systems;

— lubricants, bearing and governor oil to the Contractor's specifications.

It shopld be stated that-any materials or services required for installation and commissior{ing of

the units, and not specifically mentioned in the above list of the Employer supplied items and
servidges, are to betprovided by the Contractor under contract.

3.4 Design conditions

3.4.1 | Project arrangement

The detailed project arrangement should contain the Employer's description and general
arrangement drawings of the powerhouse and waterways at the low and high-pressure sides
including channels, galleries, penstocks, surge tanks, gates and valves. The description should
be an extension of the applicable data provided in TD chapter 2 "Project information”. The data
shall be sufficiently clear so that the Contractor is aware of physical conditions which may
influence the application of its detailed design.

In any event, the Employer should retain responsibility for specifying values of all parameters
on which guarantees are based, as part of the overall design of the plant. This applies
particularly to the correct inlet and outlet conditions and in the coordination of the interaction
between the hydraulic machine and the waterways.
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3.4.2 Hydraulic conditions

This subclause should present the hydraulic conditions under which the Employer proposes to
operate the completed facility such as:

3.4.3 | Specified conditions

a)

b)

c)

range of specific hydraulic energy (head) of the plant;

specific hydraulic energy losses between headwater level and high-pressure reference
section of the machine (E, 5.,), turbine and pump mode;

specific hydraulic energy losses between low-pressure reference section of the machine
and tailwater level (E, ,.,), turbine and pump mode;

specific hydraulic energy (head) of the machine (see 2.5 of IEC 61366-1):

hdadwater levels, maximum, minimum and normal and when no water is flowing;
tallwater levels, maximum, minimum and normal and when no water is flowing;
m{nimum tailwater level as a function of discharge for the cavitation guaranteg;
pgwer values in the range of specific hydraulic energy (head);

maximum specific hydraulic energy (head) for runaway speed guarantee;

rapge of water temperatures;

water quality analysis (chemical, corrosive nature, biological, and suspended solids);

rahge of ambient temperatures and humidity (tropical envirefiment or extreme cold negds to
bg clearly defined).

Mopdes of operation: As an extension to TB.section 2.5, the Employer should pfovide
sUyfficient data to enable the Contractor to_tnderstand the Employer's intended modg(s) of
oferation, e.g. base load or peaking, synehronous condenser, parallel with the netwotk and
isplated operation in turbine mode, inaddition operation in pump mode, etc. Data should
in¢lude, wherever possible, the anticipated number of start-stops per year, the capacity
fagtor of the plant and the number of fast change-over cycles from pump to turbine mode.
Special operating uses should also be clearly identified such as synchronous condgnser,
spinning reserve, isolated and black start operations, penstock draining through tdrbine,
pgnstock filling through pump.

Stharting procedures and changeover sequences: The Employer should specify the njethod
of[starting procedurefor pump operation, e.g.:

— | pump-turbinefrunner (impeller) rotating in water;
— | accelerated:directly by the motor-generator;

— | accelerated by a pony-motor;

— | pump=turbine runner (impeller) rotating in air;

— | ‘acCelerated by the motor-generator;

— accelerated by a starting turbine.

The Employer should indicate data (if any) for changeover sequences, e.g.:
— standstill to pump mode;

— pump mode to standstill;

— fast changeover from pump mode to turbine mode.

Specific hydraulic energy (E) [head (H)], discharge (Q) and power (P): The specified
specific hydraulic energy (head) and discharges (turbine mode, pump mode) are
determined from an analysis of available discharge, reservoir volumes, specific hydraulic
energy (head) of the plant and hydraulic losses external to the machine with respect to
statistical duration in turbine mode, pump mode and reservoir management. The relevant
pump power has to be determined according to the motor characteristics and to the
required pump discharge.
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If the range of specific hydraulic energy is wide, more than one specified value for E, Q and
P may need to be selected to define the operational range of the machine.

In the case of an unregulated pump-turbine and if there are any limitations on maximum
discharge at any specific hydraulic energy (head) or limitations on power, the Employer
shall provide adequate data in the technical specifications to enable the Contractor to
optimise pump-turbine design while respecting these limitations.

d) Speed: The choice of speed of the unit has an impact on pump-turbine and motor-generator
costs, on the setting of the pump-turbine with respect to tailwater levels and on powerhouse
costs. The choice of speed may also be influenced by strength considerations; e.g. in the
case of an underground powerhouse where, because of favourable cavitation conditions
mainly in pump operation, a higher speed could be selected but the higher speed may be
linnited by strength considerations and others.

If permitted by the project schedule, the approximate cost per meter of powerhquse detting
(see annex B, clause B3 of IEC 61366-1), and the approximate cost per kVA-\for various
pdssible speed options for the motor-generator should be specified by Emplayer in the ITT,
(TD subsection 1.1.15) so that Tenderers may quote the pump-turbine which best suits site
cgnditions and its available design.

Inf most cases, the project schedule dictates an early decision with) respect to speed(s).
Under such conditions, discussions should be held with potential, Suppliers of pump-turbines
and motor-generators to fix a (the) preferred speed(s); alternative proposals may be invited
infthe ITT.

e) Direction of rotation: The direction of rotation of the%pump-turbine is dictated hy the
odtimum orientation of the spiral case with respect to ‘intake, penstock and power house
casts. The direction in turbine operation should be spécified clockwise or counter-clogkwise
lopking from the motor-generator toward the pumg-turbine.

3.4.4 | Motor-generator characteristics

The gpecifications should state the principal*characteristics of the motor-generators to (which
the pump-turbines will be coupled, for example:

— cdpacity (kVA) as motor and as .generator;

— pdwer factor as motor and generator;

— frequency (normal and exceptional range);

— ingrtia or flywheel effegt of motor-generator;

— preferred speed as\motor and as generator (if established);

— preferred bearing.arrangement (if established);

— apgproximatégotor diameter (if available);

— inner diameter of stator for passage of pump-turbine components (if available).

3.4.5 LTransient behaviour data

The Employer should, during preliminary design phase of the project and prior to pump-turbine
selection, determine and establish the various factors relating to power acceptance and power
rejection by the pump-turbine. Transient operating conditions cause pressure and speed
variations dependent on the type of machine and on the movement of the shut-off valve. The
factors to be considered in the calculation of transient phenomena (water hammer calculation)
are:

— acceptable variation in electrical system frequency;

— inertia of the rotating parts or mechanical starting time;

— details of high-pressure and low-pressure conduits for the pump-turbine, including surge
tanks;

— velocity of pressure waves (sound velocity in water);


https://iecnorm.com/api/?name=b7b6b8f10f744d2b264c9e553131eb55

—14 - 61366-6 © IEC:1998(E)

— water starting time;

— pump-turbine guide vane opening and closing times (turbine operation);

— high and low-pressure side valve(s) opening and closing time;

— transient characteristics (operating characteristics, four quadrant characteristics) of the
pump-turbine;

— modes of operation;

— emergency conditions, e.g.:

full or partial power failing

the shut-off valve is closing if the guide vanes remain open (pump mode)
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NOTE — The Employer should recognize that additional protection to reduce noise level may have a significant
effect on the cost of the machine.

3.4.8

Vibration

The specifications should require that the machine operates through its full range of specified
conditions without vibration which would be detrimental to its service life. Reference should be
made by the Employer to IEC 60994 together with other suitable standards and guides to
establish deflection measurements and acceptance criteria. Limits of vibration may be
established for steady-state conditions and for normal transient regimes as criteria for final
acceptance.
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3.4.9 Sand erosion considerations

Risk of sand erosion may influence the design and operation of the hydraulic machine. In this
event, the technical specifications should indicate the content of suspended solids, their type,
hardness, size and shape. See IEC 61366-1, annex H.

3.4.10 Safety requirements

The Employer should state specific safety requirements which shall be met in the design of the
pump-turbine. These requirements are in addition to the general safety related items outlined in
5.6 of IEC 61366-1.

3.5 Technical performance and other guarantees
3.5.1 | General

Hydrdulic performance guarantees for hydraulic machines are discussed(in clause| 3 of
IEC 6P041. The main guarantees outlined in IEC 61366-1, annex E and»should be read in
conjunction with IEC 60041.

The main steady state hydraulic performance guarantees (i.e., power, discharge, efficiengy and
runaway speed) may be verified by model tests or field acceptahce tests. Guarantees may be
referrgd directly to the hydraulic performance of the model (without scale effect) or alternatively
to thg hydraulic performance of the prototype computed frem model tests with allowange for
scale [effects. (Refer to IEC 60193.)

The Employer should establish and specify the, parameters on which the performance
guarahtees are to be based. These parametersdnelude plant specific hydraulic energy |(plant
head)| and energy losses external to the high-pressure and low-pressure reference sectipns of
the machine (in both modes of operation)."The Employer should retain responsibility for
specifying acceptable inlet and outlet conditions of the machine and for co-ordination pf the
study| of the interaction between the: fmachine and the external waterways transient and
steady-state oscillating conditions.

In thgse cases where it is netCpossible to perform field acceptance tests under spegcified
conditions, refer to IEC 60041. The Employer should specify measurement methods and
measprement uncertainties-which are contractually applied if different than those established
by relpvant IEC publicatiens. In addition to specifying the guaranteed performance provisipns in
the technical specification, it is important that the Employer summarise these provisions|in TD
subsgction 1.1.13 of\the "ITT". Also, it is desirable that the manner in which Tendererg shall
present and statestheir performance guarantees be clearly specified.

The BHmployershould select the appropriate level and type of performance guarantees fpr the
mach|ne, taking into consideration the intended mode of operation and the importance pf the
mach{nedn the system.

When it is necessary to include other aspects of the machine under performance guarantees
(such as stability, noise and vibration), the Employer should include these provisions at the end
of this section taking into consideration that data available may not be sufficient based on
extended experience. In any event, conditions under which guarantees are evaluated shall be
specified.

3.5.2 Guaranteed power

In specifying the guarantee power, in the turbine and pump modes, refer to TD subsection
6.1.4.3 of the specified conditions, and state clearly the basis of the guarantee.

Pump power is normally guaranteed for one or more specified values of specific hydraulic
energy (pump head) and for normal and higher frequency (e.g. 52 Hz). The Contractor should
be required to state the maximum pump power which shall not be exceeded.


https://iecnorm.com/api/?name=b7b6b8f10f744d2b264c9e553131eb55

~16 - 61366-6 © IEC:1998(E)

Turbine power is normally guaranteed for one or more specified values of specific hydraulic
energy (turbine head).

In the pump mode, it should be noted that specific hydraulic energy E is the specific hydraulic
energy of the plant Eg (plant head H, ) plus the specific hydraulic energy losses E; (head
losses H,) in the water conduits on the low and high-pressure side. In the turbine mode, the
specific hydraulic energy E is Eg minus E;. (Refer to 2.5 of IEC 61366-1).

It is necessary in this subclause, to establish the contractual obligations of the Contractor if the
guaranteed values of power are not met. The method(s) of measurements, method of
comparison with guarantees and application of IEC 60041 shall be defined.

3.5.3 | Guaranteed discharge

Although it may not be usual for a pump-turbine, under certain circumstances, it may be
necegsary to have a guarantee for low, continuous and stable discharge in turbine modg. This
is trup for projects with low discharge requirements as a mode of operation. Sincg this
operation may be outside the normal operating range, it is not covered_by-guarantees applied
to thg normal operating range. The Employer should indicate the expéected duration ¢f this
operagion.

The guaranteed pump discharge at specified specific energy (pump head) has to be specified
including design tolerances (e.g. —6 % to +4 %). It is necessary to establish in this sub¢lause
the cqntractual obligations of the Contractor if the guaranteed pump discharge is not met.

3.5.4 [ Guaranteed efficiency
The Hmployer shall establish and specify:

a) bdsis of guarantee; model or prototype;
b) method(s) proposed to measure guaranteed efficiency

— | by model acceptance tests .in the Contractor's laboratory or in another labgratory
acceptable to both parties using test results without scale effect or using test results
with a mutually agreed step-up formula (see IEC 60193), or

— | by field acceptance tests of one or more prototype pump-turbines (see IEC 60041)

c) efficiency weighting formula to allow the Tenderer to optimise the guaranteed efficiency in
the normal operating)range of the pump-turbine (turbine and pump mode) with resplect to
bdth power and specific hydraulic energy (head) at turbine mode and to specific hydraulic
erlergy (pump.head) at pump mode respectively while taking into consideration the|value
specified by‘the Employer for gain or loss in efficiency;

d) agplicabléescodes (see 2.1 of this guide);

e) measurement methods and preliminary estimated measurement uncertainties fo be
cantractually applied if different than those established by relevant IEC publications;

f) contractual consequences, if any, of the Contractor's failure to fulfil the guaranteed
efficiencies or of the Contractor exceeding its guaranteed efficiencies (penalty or bonus).

The technical data sheets of the tender forms should provide space for the Tenderer to record
its guaranteed weighted efficiencies.

In large projects which justify the expense, the Employer may choose to preselect two or more
competing Tenderers for the performance of pump-turbine model tests at the Employer's
expense. In this event, the results of the model tests can be used in the final award of the
contract to the successful Tenderer.
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3.5.5 Guaranteed maximum zero-discharge (shut-off) specific hydraulic energy

The Contractor guarantees the maximum specific hydraulic energy generated by the pump-
turbine in pump mode when operating at specified speed against closed shut-off valve (guide
vane position to give maximum pressure) and in addition against closed regulator apparatus.
The Employer should specify any higher speed in the event a higher network frequency needs
to be considered.

3.5.6 Guaranteed zero-discharge power

The Contractor guarantees the zero-discharge power for the same conditions as indicated
in 3.5,5

Depending on the starting procedure [see 3.4.3 b)], the relevant power may be guarantegd for
when [the runner/impeller(s) is/are rotating in water or air.

3.5.7 [ Guaranteed maximum/minimum momentary pressure

It is ysual for the Contractor to guarantee momentary pressure rise even when there|is no
respohsibility for the complete of the plant (refer to E.2.6 of IEC, 64366-1). The Contractor
shoul@l be required to calculate and guarantee the maximum™ and minimum momentary
pressfre at the high-pressure reference section (spiral case,inlét) and at the low-prgssure
refergnce section (draft tube) under load rejection from specified conditions (specified power
and specified specific hydraulic energy) in turbine and>pump mode and under| most
unfavpurable transient conditions established by the Empleyer.

Howeper, the Employer shall specify all relevant information because of the involvement and
influepce of the electrical motor-generator, speed regulator and waterway system |n the
transipnt phenomenon.

3.5.8 | Guaranteed maximum momentary overspeed

The maximum momentary overspeeg is the overspeed attained under the most unfavoprable
transipnt conditions. Under certain conditions, it may exceed maximum steady state ruphaway
speed. The maximum momentary overspeed should be guaranteed by the Contractor.

Howeyer, the Employer shall-specify all relevant data because of the involvement and influence
of the| electrical generatar;*Speed regulator, and waterway system in the transient phenomenon
(see 3.4.5).

3.5.9 | Guaranteed*maximum steady-state runaway speed

The dpecifieations should require that the Contractor guarantees the maximum steady-state
runaway’ speed under the worst combination of conditions, for example, maximum specific
hydralilicvenergy (head) and physical maximum guide vane opening conditions on the T)ump-
turbine considering variations in the plant cavitation factor. Taking into consideration
powerhouse arrangement, number and type of independent shut-off devices, local or remote
control and type of control and protection systems, the specifications should state the duration
for which the unit shall be capable of functioning at maximum steady-state runaway speed. The
duration may vary from a few minutes to several hours at this speed, but the design of the plant
should keep this duration to a minimum. The guarantee should be stated in the technical data
sheets submitted by the Tenderers.

NOTE - It is recommended not to specify or to conduct steady-state runaway speed tests at site. If it is mutually
agreed to conduct such tests, they should be performed at reduced specific hydraulic energy (head); refer to
IEC 60041. The purpose of this precaution is to reduce physical stresses on the civil structures and the generating
unit (particularly the electrical machinery). The value of maximum steady-state runaway speed should be verified by
model tests.
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3.5.10 Cavitation pitting guarantees

Severe cavitation pitting creates three major problems for hydraulic machines: high cost of
pitting repairs; loss of revenue caused by outages; and the potential decrease in efficiency.
With careful planning the possibility of severe pitting can be greatly reduced.

In the design of turbines and their application to a specific site, it is necessary to balance the
increased cost for a lower turbine setting, larger runner diameter and slower operating speed
and increased powerhouse excavation with the potential loss of revenue caused by any outage.

IEC 60609 outlines factors which need to be considered when specifying cavitation guarantees.

Referptoamex+FofHEC 61366t whichprovidesanexampteofamrinterpretationrofHE€69609.

Factors which can influence the amount of cavitation pitting damage and the [limits pf the
cavitgtion guarantee include plant operating range and conditions, low tailwater.level, |water
quality, material selection, shop inspection, quality control and field cinspection| after
comnlissioning.

3.5.11 Guaranteed hydraulic thrust

This gubclause should outline the conditions of operation which gan be used by the Confractor
to defermine the maximum and minimum hydraulic thrust. This-information will be needgd for
the dgsign of the thrust bearing.

3.5.12 Guaranteed maximum weights and dimensions

In some cases, the Employer may need to establishuand fix without subsequent change, dertain
features of the pump-turbine to be incorporated<in the design of the project. These features
shoul@ be specified in this subclause and maynclude, for example, such items as inlet|valve
size, [pump-turbine runner and shaft weights: and maximum component dimensions gnd or
weighits (for transportation and project hafdling restrictions), intake gate and draft tube¢ gate
size, etc.

3.5.13 Other technical guarantees

This gubclause may cover other technical guarantees such as vibrations, noise, fluctuatipns of
presspre and power and behaviour of protective coatings.

If guaranteed limits foryVibration are specified by the Employer or agreed upon by the parfies to
the cgntract, reference should be made to IEC 60994 which gives guidelines for measurgment
procefures. If {he Employer specifies a guarantee for the guide vane hydraulic forque
tendepcy, these ‘guarantees may be confirmed by model tests. The Employer may spgcify a
guarantee-to-cover an emergency shut-down of the machine without cooling and/or lubrigation
of the|bearings.

3.6 Mechanical design criteria
3.6.1 Design standards

This subclause should list the appropriate international standards and codes which the
Employer proposes to apply directly to the pump-turbine equipment.

3.6.2 Stresses and deflections

The Contractor should be required to adopt design methods and practices in regard to
allowable stresses and deflections to ensure an extended service life from the pump-turbine
with reasonable care and maintenance. The correlation of allowable stresses to the following
load conditions shall be specified for:
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— normal load conditions;

— extraordinary load conditions; and

— load case for emergency condition (including earthquake acceleration).

The Employer should indicate the anticipated service life. Whenever the Contractor proposes

to deviate from its conventional successful practice, he should be obligated to justify such
deviation in advance to the Employer.

3.6.3 Special design considerations

The technical specifications should describe clearly the particular criteria and requirements
relating to operation, reliability and maintainability (for erection, dismantling and maintepance
of thg main components). Any general statement in this subclause should be expanded as
necegsary under the headings of the particular components concerned.

The pump-turbine and motor-generator equipment Contractors should, asCa part ofl their
respeftive contracts, be required to carry out design of the dynamic behaviour of the combined
motorrgenerator and pump-turbine with respect to critical speed calculations and shaft slystem
alignment criteria. The two Contractors should be obliged to participate in the analysis and
mutugl agreement for resolution of any problems which may arise in‘this regard.

3.7 Design documentation
3.7.1 | General

The Tendering Documents should provide a genéral” statement on the manner in |which
Contractor's design documentation will be submittéed for review. It shall be recognizefl that
design responsibilities which are assigned to the” Contractor by the Employer shall remain
under|the Contractor's direct control. The provisions of TD subsection 6.1.7 shall be congistent
with those given in TD section 5.2 "Technical’documents".

3.7.2 | Data for Employer's design

The Hmployer should outline data.to be submitted by Contractor relating to design and layout of
the pump-turbine. Data should-include such items as embedded component weights and
dimer]sions, loads to be transferred to the structure, water passage dimensions (i.e.|spiral
case,|stay ring, foundation.ring and draft tube), size and location of anchor bolts, dimensipns of
first gtage concrete voids*for subsequent installation of embedded components, weights and
dimerfsions of heaviest’and largest components to determine crane capacity and lift height
requirements when, not specified by the Employer (see 3.5.12), details of lifting de¢vices
handled by crame, electrical interconnections, governor system connections, motor-genjerator
coupling data( efc.

3.7.3 | Réquirements for Contractor's drawings, technical calculations and data

Requirements for Contractor's drawings, technical calculations and data should be described
so that the Contractor is fully aware of information to be submitted. Associated with this is the
need for the Employer to specify a predetermined number of design meetings with the
Contractor to expedite necessary action items. The extent of review intended by the Employer
should be defined. The Contractor is normally responsible for design of the pump-turbine and
the Employer's review should only be to the extent that the product conforms to the require-
ments of the technical specifications in particular, and the contract documents in general.
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Contractor's review of Employer's design

A number of items in the design of the pump-turbine impact on the design of the powerhouse.
The Employer should outline the requirements for review by the Contractor of the Employer's
design. This could include a review of substructure construction drawings showing pump-
turbine anchor bolt and installation details, draft tube water passages and other details which
influence pump-turbine layout.

3.7.5

Technical reports by Contractor

The Employer should specify submittal requirements for the Contractor's technical reports.
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cepted.

y change oftmaterial during the contract period shall be subjected to approval
hployer.

Quality assurance procedures

ection
in TD
ection

ictate
br the
. The
ments
such

bd by
ed to

e the
Id be

by the

- M

nimum nllmlify rnnlnirnmnntc should be Qpnr‘ifinr‘l prnfnrahly with reference to internd

tional

or national standards and should not conflict with general requirements in TD section 5.5.

— Required documentation attesting to quality checks should be established.

— Material test certificates including certificates for material of doubtful quality or origin.

- Pr

ocedures for repair of defects should be established.

— Need for the Employer's witness and notice in advance of same.

3.8.4

Shop methods and personnel

— Shop methods and routing information should be divulged to the Empl
representative(s) to the extent necessary to permit evaluation of same and to schedule
attendance at import and verification points in the manufacturing sequence.

oyer's
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The Contractor should be required to demonstrate upon request, that the qualifications of
his staff and workers for specific tasks, such as welding, are adequate for the class of work
being done.

3.8.5 Corrosion protection and painting

Minimum general grade or corrosion protection should be specified and it should be
consistent with the environment to which the pump-turbine components will be subjected,
both atmospheric and hydraulic.

International or national standards may be used to define minimum surface preparation and
painting requirements.

If la particular paint system is specified, its generic type and number of primer afd)|finish
cdgats should be given to facilitate the preparation of estimates during the tenderperiofl.

Minimum and maximum dry film thickness for each coat in the specified-paint systems
should also be given.

Minimum corrosion protection requirements for machined surfacesp-pfior to shipment
shiould be given along with packaging, transportation and site storage-requirements|in TD
sgctions 5.8 and 5.9.

If standard coating systems are specified by the Employer in TDsection 5.4 of the general
reguirements, only the system code number and colour schedules need to be specitied in
these technical specifications with cross-reference to TD segtion 5.7.

3.9 $hop inspection and testing

As wi
is left

3.9.1

h 3.8, some of the requirements set forth in 3.9 _could be specified in TD section 5.6
to the discretion of the author of the documients.

General requirements and reports

. This

3.9.2 | Material tests @nd certificates

This subclause should make referenice to and be consistent with TD Section 5.6 giJing in
ggneral terms the shop test, inspection and report requirements to be met.

Reference should be made to- TD section 5.5 so that reporting standards and r¢cord-
kdeping are consistent with\the specified level of quality assurance.

Method for handling non-conformance cases should be stated.

Specificatiogs_should require that material used in the fabrication of major components of
the pump<turbine should be identifiable in the Contractor’s records for the project in|terms
of| type;scgrade and source. Copies of such records for major components shodld be
sUpplied'to the Employer's representative upon request.

> to— O

major components and the results reported to the Employer in writing. The Employer's
representative shall be given the opportunity to witness such tests.

Tdsts—for phvsicalorchemicalproperties—orother-characteristics—shall-be-specifi d for
C rJIIJ\JIV\AI T CTITOTHIITOCAT rJI\.IrJ\JI Tro T TTTrTOT CTTATOTOTTOTTOO T TCATT L= A~ JHVVIII/

The Employer may specify the supply of sample material.

Where materials are purchased outside of the Contractor's organization, it shall require, as
a minimum, that certificates be provided for major components at the time of material
shipment, attesting to the type and grade of material being supplied.

Where no specific tests are specified for major component requirements, it shall be
assumed that the tests required by the international or national standard shall apply. This is
true for:
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— plate and structural steel,;
— castings;

— forgings;

— weldments.

3.9.3 Dimensional checks

— Specifications should require that critical dimensions be checked prior to shipment of the
component to the job site. The nature of the records to be kept from such checks will be
determined by the specified level of quality assurance to be maintained and by Contractor's
eXperience regarding the effect of such checks on iis ability to assemble erect, fe$t and
gyarantee the pump-turbine.

— If model acceptance tests are performed, geometric similarity with the model pump-turbine
shall be checked in accordance with IEC 60193.

3.9.4 [ Shop assembly and tests

Detailed specifications of each major component should establish minimum requirements for
shop pssembly and tests. The following factors should be consideréd:s

— remoteness of project site;

— pdssibility of shipment of part or all of the pump-turbine fully assembled;
— thproughness of dimensional checks;

— nded for hydrostatic pressure test (e.g. guide vane‘servomotors);

— importance of a possible error in dimensional*checks; and

— match marking to reassemble at site.

Desighated auxiliary components and (systems should be tested in the shop for proper
functipning.

4 Tgchnical specifications fof fixed/embedded components

Genefal note

Clauses 4 to 11 inclusive, outline technical specifications for major components ¢f the
mach(|ne. These specifications shall present concisely the Employer's specific technical
requirements and-preferences for these components. It is suggested that the technical
specifications,fer  major components be arranged using the following headings wherever
possille:

— gqnéral description;

— design data;
— general data.

Although the guide may appear somewhat repetitive in the clauses which follow, it should be
understood that the purpose of the guide is to illustrate preferred and consistent methods for
specifying pump-turbine components without presenting detailed specifications. Such details
are the responsibility of the Employer.

As noted in 3.3.1.1 of IEC 61366-1 and to avoid confusion, requests for information from
Tenderers shall be provided in the Instructions to Tenderers and not in the technical
specifications.

Consistent with the foregoing notes, TD section 6.2 should begin with a general description of
the major embedded components, for example:
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The e

mbedded components for the pump-turbine to be provided may include:

— spiral case;

— stay ring;

— foundation ring;

— dr

aft tube and draft tube liner;

— pitliner.

4.1 Spiral case

A gen

41.1
The H
— de6

- m
Wi

- te
— inf
- cO

- m
alf

4.1.2
The B

- lo
- lo

water, potable water, service'water, pressure relief devices, irrigation devices, etc.);

- lo
— dd
- te
4.2 9

AS wi

eral description of the spiral case should be given here.

Design data
mployer's design data should be carefully outlined including such items-&s:

sign pressure;
axim_um permissible stresses onto surrounding concrete, limitable by compre
apping;

5t pressure and location of test (shop or site);
ernal pressure during embedment;

ncrete embedment pour rates and other details;

hterial by generic type or recognized international or national standards (indig
ernatives will be accepted).

General data, connections and auxiliaries
mployer should provide general data,which applies to the spiral case such as:
cation, size and type of pump-turbine inlet connection (specify tolerances);

Cation, size, and type of all-other connections for peripheral or auxiliary systems (c

cation, size and details of access for maintenance;
tails of all indication and test connections and devices;
mporary and permanent transportation and erection support and handling devices.

tay ring

h the-spiral case, the Employer should provide similar subsections beginning with &

descr

ssible

ate if

poling

short

ption of the stay ring.

4.2.1

Design data

— See4.1.1.

- W

4.2.2

eight of concrete, motor-generator and other vertical loads supported by stay ring.

General data, connections and auxiliaries

— Tolerances on location in plan and elevation.

- Pr

ovisions for concrete placement and grouting.

— Location, size, type and other details of connections (e.g. pump-turbine pit drains, test

co
- Tr

nnections, etc.).
ansportation and erection support and handling devices.
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4.3 Foundation ring

Brief description of foundation ring.

4.3.1

Design data

— Special loading conditions, if any.

— Material.

- Tr

ansportation and site handling limitations.

4.3.2

- Tq
- Pn

— Ld
ag

— T¢

4.4 [

Brief

4.4.1

- M
- M
- M
— Ty
— T

Generat data, CONMMectons and auxitiares

lerances on location in plan and elevation.
ovisions for concrete placement and grouting.

cation, size, type and other details of connections (pump-turbine pit;drains, draf
ration, etc.).

mporary and permanent transportation and erection support and_handling devices.

raft tube and draft tube liner

Hescription of draft tube.

Design data

nimum external design pressure for liner.

nimum thickness if pertinent.

nimum external rib arrangement for limiting infiltration to powerhouse.
pe of material.

ansportation and site handling limitations (dimensional).

- CT:crete embedment rates and-details.
i

— Di

4.4.2

- Ld
— L@
- Ld
— Lg

ensional tolerances, doncrete and liner.

General data, connections and auxiliaries

cation and détails of downstream limit of draft tube liner.

cation, siz€ and details of access for maintenance.

cation;-size, type and details of runner maintenance platform and devices.

cation, size and details of all connections (e.g. spiral case, draft tube drains, ae

[ tube

ration

pi

1ing or devices, r‘nnling water service water draft tube water level controls indi

ation

and test devices, etc.).

— Temporary and permanent transportation and erection support and handling devices
(anchors, tie rods, supports, etc.).

4.5 Pitliner

Brief description of pit liner.

4.5.1

Design data

— External pressure.

- Mi
- Mi

nimum thickness if pertinent.
nimum external rib arrangement.
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— Type of material.

— Servomotor support criteria.

— Openings for motor-generator air recirculation.

— Support for pump-turbine pit hoist, if any.

4.5.2

General data, connections and auxiliaries

— Approximate lifting diameter required (e.g. for stator clearance).

— Elevation of top of pit liner with respect to the pump-turbine distributor centreline.

- L
- P

- Ld
dr
gr

- Tr

- Pg¢

5 Te

The B

5.1 H

The H

5.1.1

— Comments on preferred arrangement (e.g. both headcover and bottom ring to be remg

fo
bd

— Requested type of material-

- P
- P

5.1.2

cation, SiZe and details of pump-tarbine pit access.
eferred location of guide vane servomotor support flanges.

hinage, bearing cooling water, bearing lubricating oil, servomotor, service air, g
base lubrication system, etc.).

ansportation and erection support and handling devices.
rmanent pump-turbine pit hoist, if required.

chnical specifications for stationary/removable components
mployer should give a general description of distributor assembly.

leadcover and bottom ring

mployer should give a short description of’headcover and bottom ring.

Design data

maintenance; guide vane hushings to be replaceable without dismantling headcov{
ttom ring, etc.).

eferred pump-turbing*pit drainage arrangement.
eferred thrust bearing location.

Facing plates

- R

- Clmments on preferred arrangement.

cation, size and details of piping connections (generator pit drainage, pump-turbine pit

entral

vable
er and

quested material by generic type.

- Mi

5.1.3

nimum thickness.

Runner seal stationary wearing rings

— Comments on preferred arrangement.

— Requested type of material (resistant to corrosion, erosion and cavitation).

5.1.4

Guide bearing support

— Comments on preferred arrangement.

— Access for maintenance of bearing pads.
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Guide vane bearing housing and bushings

— Preferred material.

— Special features (dirt seals).

5.1.6

Guide vane seals

— Comments on preferred arrangement.

— Preferred material, if any.

5.2 Guide vanes

The H

5.2.1

mployer should provide a brief description of the guide vanes.
Design data

— Rates for opening and closing when governor system is not includéd in pump-t
pply.

su

— Requested type of material (corrosion resistant, erosion resistant),
— Preferred hydraulic torque characteristics (in case of a pump-turbine the consequ

hg

5.2.2

—  Rd

- GTide vane stem seals.

- O

6 Te

Descr
vane.

- M

ve to be discussed).

Guide vane stems

bquested material by generic type.

her requirements.

chnical specifications for guide vane regulating apparatus

iption of apparatus either.with a regulating ring or individual servomotors for each

ervomotors

hterial type.
essure testing requirements.
eferred Tocation in pump-turbine pit considering motor-generator foundations.

hximum and minimum allowable operating pressure if governor supplied separately.

irbine

ences

guide

— Guide vane restoring device for governor.

— Responsibility for alignment at assembly.

— Other requirements regarding operation and maintenance.

— Cross-reference TD subsection 6.3.2.1 for opening and closing times.

6.2 Connecting rods

- Pr
- Mi

eferred arrangement.
nimum bushing requirements.

— Type of material.
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6.3 Regulating ring

- Pr
- Mi

eferred arrangement.
nimum support requirements on headcover.

— Type of material.

6.4 Guide vane linkage

- Pr

eferred arrangement.

— Types of material.

— In

6.5 ¢

- Pn
— B4

Hividual adjustability on each guide vane in closed position.

buide vane overload protection

eferred arrangement.
|Sic criteria.

— Cijiteria for readjustment (on-line, off-line spiral case drained).

- 0
- 0

6.6 LU

- Pn
- Al
- "C
- A
- Ldg
- Lag

Desc

erload indication.
erload annunciation.

ocking devices

eferred arrangement.

tomatic or manual.

losed" or "open" positions.

e they required to be adjustable for limiting power?
ck position detection.

ck position annunciation.

ynchronizing device _(optional)

eferably mechanjecal'synchronizing device in case of individual servomotors with ov
btection characteristics (refer to 6.5).

chnical specifications for rotating parts, bearings and seals

iption of rotating parts and method of erection and dismantling.

erload

7.1 Runner

Description of runner.

7.1.1

Design data

— Minimum material requirements by generic type (weldable, corrosion resistant, erosion
resistant and cavitation resistant).

— Support of runner and shaft during erection and subsequent maintenance.

- St

atic balancing requirements.
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7.1.2 Runner water passage shape and surface

Proper control of runner water passage shape and surface conditions is an important step in
limiting potential cavitation damage. Proper quality control shall be provided during all phases
of fabrication and manufacture to ensure that the final product is homologous to the model
runner, in the case of model tests or to the hydraulic design. Reference should be made to
IEC 60193.

7.1.3 Rotating seal rings

7.2

Material type.
c iy - . I . . —

P

N

Brief

7.2.1

7.2.2

Ld

eferred design; i.e. removable, one piece with runner/impeller.

lain shaft

lescription of shafts.

Design data

west critical speed (greater than maximum steady-state runaway speed).

Coupling standard, if any.

M
El
g§
Sh

hterial type.

bvation of main or intermediate shaft coupling{flange(s), whichever is connected
nerator motor shaft, with respect to centrelinexdistributor.

aft seal sleeve.

C

ncentric hole through the entire length*of shaft (for purpose of runner dismantling).

Coupling bolt holes, interchangeabilitysrequirement.

D
in

M

fine co-ordination with motor-generator supplier for combined alignment, dimen
erface, critical speed and run>qut check.

Coupling bolts, nuts and)nut guards

hterial type.

Responsibility for_ supply and installation, including drilling template.

Py
M
In
Lg

mp-turbineg‘end.
btor-generator end.
erchrangeability.
cKing devices.

to the

sional

Responsibility for coupling.

Nut guards for turbine and generator ends.

7.3 Pump-turbine guide bearing

General description for type and design of guide bearing.

Access for maintenance.

Material types.

Lubrication.

Cooling of bearing oil.

Oi

| fill and drain piping.
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