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Abstract: : Description of the electrical control and monitoring requirements for equipment and
systems associated with small (100 kVA to 5 MVA) hydroelectric power plants.
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Notice and Disclaimer of Liability Concerning the Use of IEEE Documents: IEEE Standards documents are developed
within the IEEE Societies and the Standards Coordinating Committees of the IEEE Standards Association (IEEE-SA)
Standards Board. IEEE develops its standards through a consensus development process, approved by the American National
Standards Institute, which brings together volunteers representing varied viewpoints and interests to achieve the final product.
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publication, use of, or reliance upon any IEEE Standard document.
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any express or implied warranty, including any implied warranty of merchantability or fitness for a specific purpose, or that
the use of the material contained in its standards is free from patent infringement. IEEE Standards documents are supplied "AS
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Notice to users

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance of
amendments, corrigenda, or errata, visit the IEEE-SA Website at http://standards.ieee.org/index.html or
contact the IEEE at the address listed previously. For more information about the IEEE Standards
Association or the IEEE standards development process, visit IEEE-SA  Website at
http://standards.ieee.org/index.html.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.iece.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.iecee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.
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Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1020-2011, IEEE Guide for Control of Small (100 kVA to 5 MVA)
Hydroelectric Power Plants.

This document is a guide for the power industry for the control of small hydroelectric power plants. The
document was prepared by the Working Group for Computer-Based Control for Hydroelectric Power Plant
Automation of the Hydroelectric Power Subcommittee of the Energy Development and Power Generation
Committee of the IEEE Power & Energy Society (PES).

During preparation of the original version of this document, it was planned to be a recommended guide
strictly for the application of control systems to small hydroelectric power plants. However, as
development work progressed, it was determined that the guide would lack depth if some treatment of the
controlled electrical and mechanical systems and equipment was not made. For completeness, it was
considered desirable to mention salient civil features of small hydroelectric projects, and to offer discussion
of equipment protection and operation. The result of that effort, although termed a guide to control of small
hydroelectric power plants, is a tutorial document that presents descriptive information for use in planning
the control system design and operation of small hydroelectric power plants. It is intended to provide a
working knowledge of the terminology used in the hydroelectric field and an understanding of the
principles of operation of hydroelectric generating units. It addresses the control requirements from an
electrical standpoint. It does not discuss in any great detail the civil, hydraulic, and mechanical
considerations that should be taken into account when planning a hydroelectric project. It deliberately omits
discussion of topics such as economics, environmental factors, financing, and licensing.

Many small hydroelectric power plants commissioned during the early 1980s have been in service for
several decades and reflect the technology and operating practices common at the time the existing guide
was prepared. Since then, significant changes have occurred in electrical control and protection technology
applicable to small hydroelectric power plants. Furthermore, the environment in which these plants operate
has changed due to regulatory and ownership issues. The purpose of this revision is to address the impact of
the changes in technology and the plant operating changes environment on the practices recommended in
the original guide and to harmonize this revision with a companion document, [EEE 1010™, IEEE Guide
for Control of Hydroelectric Power Plants™® This revision does retain much of the original guide tutorial
material but in a reorganized format.

*The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers, Inc.
°IEEE publications are available from The Institute of Electrical and Electronics Engineers, Inc. (http:/standards.ieee.org/).

Documents

viii
Copyright © 2012 IEEE. All rights reserved. Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:15:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1020-2011


http://www.avadocuments.com/doc/ieee-1020-2011
http://www.avadocuments.com/doc/ieee-1020-2011

Contents

L. OVEIVICW ..ttt ettt ettt ettt et et et e et e es e e e st e bt e st e meeea et eae e st et e amseenseeseees e e seenseenseemeeeneesneenneenseenneans 1
O 103 o TSR 1
2. NOTIMALIVE TEIBTEICES. ... .veetientieniieite ettt ettt ettt st et e bttt sa e st e e bt e bt e st e ebeesbee bt e beembeemtesaeesaeenbeenseenneens 2
3. Small hydroelectric PLANt OVETVIEW ........cc.eiieieieieie ettt ettt ettt st ettt e e e sbesbesaesaeebeeneeneeneens 2
R €31 1<) 1 OO OO SUUPRRPPUS 2
3.2 UNIE FALIIES .vevveieeeetieieeteeteeteeteesteeteestesstesaeesseesseesseasseassaseessaessaessesssesssesseesseansesssesssesseensenssenssenseenses 2
3.3 APPLICALION ..evvieiiieiiieiieciiesteeteete et et et e bt et e et e ete e teesbeesseesbessaesseesseesseessesseesseenseenseeseenseenseenseesbensaenrens 3
3.4 Operation and CONIIOL.........cciieiiiriieiieieiie sttt ettt et e e e e e e b e seaesaeesseesseesseesseessessaesseessenssesssesens 3
3.5 INLETCOMMECIION ...ttt ettt ettt ettt s b ettt b e sbeebeebt e st et et e e bt sb et e bt sbesbeeseensentens 3
3.6 UNIL QITANZEIMNECNE ....eouveeeieeieiieiieieeteetestesttesseesseaseesseesseasseesseessesssesssesseesseenseensesssesssesseenseensenssesseessees 4
3.7 Small hydro project @Valuation ...........cceerieiieiieieeiee ettt et e eeseenneas 5
3.8 Rehabilitation CONSIAEIATIONS. ... .eecueeiireieieiete ettt ettt ettt st see ettt e e e saeesbe e e eneeeneeeseenneas 6
T R 183010013 0L SRS 6
4.1 GONETAL ...ttt bbbt a e e a e b e b e b b e e bt e b e e bt et et eaee 6
4.2 MAJOT EQUIPITICIIE. ... tttietieeeenieiesteeteete et et e estenteteteabeeteebeeseeseentenseaseseaseeseeseeneensensenseasesseeseeneaneaneensensens 7
4.3 Mechanical QUXITAIY SYSLEIMIS ........eruirtiruiitietietietieteietetestesee et eteeteeseeseente e entebessestesbeeaeeseeneeneeneeneenes 11
5. Station SErvice CleCtriCal SYSTEM.......ccuirieriieiieiieieetiesteeieeteste st e st esteebeeseeeseesseesseesseessesssesseessesssenseessens 12
ST GENETAL ..ttt bbb bt bt a ettt be bbbt e ae st et et ee 12
5.2 Power plants with single auxXiliary SUPPLY ......ccveevviiiirieriieiieieeeeseee ettt seeesre e eae v e 12
5.3 Power plants using multiple auxiliary SUPPLIES ......cceecveeierirriieieiie ettt 15
0. PIOTECTION. c..c.eteteitet ettt a ettt b e s bt bt e bt e bt e et et et ettt beebe it et e b e 16
0.1 GEINETAL ...ttt sttt et ettt b e bt bttt ettt ettt et et 16
6.2 Malfunction CONSIAETALIONS ........eevuiiiuieieiiertiete ettt ettt ettt e bt et e et eseeesaeeseeeteeneeeneesneenseeneeans 17
6.3 ApPlication CONSIACTALIONS ......ccveeiueiieeiieieierieete ettt et ettt e eee et e ebeenteeseesaeesseenseeneesneesseesneenseenseans 20
7. Control and MONTTOTINE ......eeitieiieiieiieit ettt ettt et ettt et e ette e st e et e e bt enseeneeeaeesaeesaeeseenseenseenseeneesseenneas 22
Tl GRIGTAL ..ttt ettt et e a e bbbt bttt ea e et e sae et st e bt e eaeenteenteans 22
A B 1 LT e) 112 (o) OSSR 22
7.3 Connecting generator units t0 the SYSTEIM ......c.eiiiiiiiiieieieiee ettt 22
7.4 Local and off-site control and MONITOTING ..........cceevvieieriierieiieieieeseeseeste e eeeseesaeeseesseeeessaesseens 26
7.5 COMMUNICAtION TEQUITCINCIES ... evveivrerteerreeteeteeteseeesseesseeseessesssesseesseessessesssesssesseesseessesssesssessesssenns 29
I (T (ST o) o) o1 15 o) 4 USRS 30
Bl GEINETAL ...ttt ettt b et h et ettt st ettt 30
8.2 WaAtCIWAY OPCTALION.....cueertietieteeieeteseiestteteeteeteeetesseeseenseenseassesseesseesseensesnsesnsesseesseansesseesseensesnsenns 30
8.3 Project interface with the Waterway SYSTEML.........c.eeiiriiieiiiieiieie ettt 30
8.4 Electrical SYSTemM OPETAtION......cc.eeiuieieeieieiertiete et eteette st e bt eteeetesseesseeseebesaeesaeesseesseenseeneesneenseenseans 31
Annex A (informative) Project eValuation ...........ccccoiieiieiiiie et 32
Annex B (informative) Small hydraulic turbine characteristics .............ceeererereriririeieieee e 34
B.1 REACHION TUIDINES ......eiieiieiieieie sttt ettt ettt e st e e et e st e e bt e eeebe e st enee e et e eseseeebeeneeneeneensenes 34
B.2 TMPUISE tUIDINES......oiiviiiiiiieiicie ettt ettt ettt et e b e etbeetaesteeste e beesbeesseessesseesseesseesseessesssessnesaeas 34
Annex C (informative) Protective relay considerations............ccveeveeveeiereenieeiesienieseeseeeeeseesee e eaesene e 35
C.1 Non-electrical Protective AEVICES ... .cuieuirieriieriieiieieeiesteesteeseetestesteesseeseesseessesseesseeseessesssesseessees 36
- Documents
Copyright © 2012 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:15:46 UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 1020-2011


http://www.avadocuments.com/doc/ieee-1020-2011
http://www.avadocuments.com/doc/ieee-1020-2011

C.2 Electrical protection fUNCLIONS ..........c.cecuieierieriieiieieeieseesteeseeseseeesseesseeseessesssesseesseesseessesssesseessees 37
C.3 Utility Studies

Annex D (Informative) GLOSSATY ......cccviiiirieriieie ettt ettt et e s e s e ensesneeseenneenseenns 40
Annex E (informative) BiDliOZraphy.......c.cccueiieriirieiieiieriieit ettt ettt s sseesesnseseeseenneeens 43
. Documents
Copyright © 2012 IEEE. All rights reserved. Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:15:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1020-2011


http://www.avadocuments.com/doc/ieee-1020-2011
http://www.avadocuments.com/doc/ieee-1020-2011

IEEE Std 1020™-2011 1988

IEEE Guide for Control of Small (100 kVA to 5 MVA) Hydroelectric

Power Plants

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or

environmental protection, or ensure against interference with or from other devices or networks.

Implementers of IEEE Standards documents are responsible for determining and complying with all

appropriate safety, security, environmental, health, and interference protection practices and all

applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal

disclaimers. These notices and disclaimers appear in all publications containing this document and

may be found under the heading “Important Notice” or “Important Notices and Disclaimers

Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at

http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

13 Purpese

This guide presents descriptive material intended to assist in the planning for design, development,
and operation of small hydroelectric power plant control systems. It does not purport to cover every
possible variation that can be encountered, but it should suffice to impart a working familiarity with

the terminology and principles involved.
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The guide contains five annexes: Annex A provides general guidelines for evaluating the feasibility

of a potential small hydro project. Annex B provides information about typical turbines used in

small hydro plants. Annex C describes components of a typical protection system that might be

applied to a small hydro plant. Annex D contains a glossary of terms common to the small hydro

industry. Annex E provides bibliographic references.

1.1 Scope

This guide describes the electrical control and monitoring requirements for equipment and systems

associated with small (100 kVA to 5 MVA) hydroelectric power plants.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document is explained). For dated references, only the edition cited applies. For undated

references, thelatest edition of the referenced document (including any amendments or corrigenda)

applies.

ANSHIEEE Std C37.102™-1987 IEEE Guide for AC Generator Protection. 12

1IEEE publications are available from The Institute of Electrical and Electronics Engineers, Inc. (http://standards.ieee.org/).

2The IEEE standards or products referred to in this clause are trademarks of The Institute ofElectrical and Electronics Engineers, Inc.
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IEEE Std 125™, TEEE Recommended Practice for Preparation of Equipment Specifications for

Speed- Governing of Hydraulic Turbines Intended to Drive Electric Generators.

IEEE Std 1010™, IEEE Guide for Control of Hvdroelectric Power Plants.

IEEE Std 1147™, TEEE Guide for the Rehabilitation of Hydroelectric Power Plants.

IEEE Std 1207™, IEEE Guide for the Application of Turbine Governing Systems for Hydroelectric

Generating Units.

IEEE Std 1249™, JEEE Guide for Computer-Based Control for Hydroelectric Power Plant

Automation. IEEE Std 1547™,

IEEE Standard for Interconnecting Distributed Resources with Electric Power Systems.
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3. Small hydroelectric plant overview

3.1 General

The term “small hydroelectric power plants” applies to stations with one or more generating units

having ratings as described in 3.2. Small hydro does not lend-itself-to-rigorous-definition—sinecesmall

refer to physical size as size is not necessarily synonymous with small (low) unit outputratings. For

example, low head installations require physically much larger turbine equipment to develop the

same output as would be the case for high head installations. Small hydro turbines can be of any of

the available types, including pumps operated as turbines but excluding reversible pump-turbines.

Almost exclusively, small hydro generators are of the alternating current (ac) type and may be either

synchronous or induction type. Usually, small hydro units are expected to require a minimum

amount of field assembly and installation work. Small-hydro-(hydroelectrie)powerplantsHfor-the

3.2 Unit ratings

Output ratings are considered to range from 100 kVA ¥/ to approximately 5 886 MVA kW, and
generated voltages from 480 V to 13.8 kV 8003~ Units as-these with outputs less than 100 kVA A

are often called “mini” or “micro” units, and generally have fewer control and protection

requirements. Units with outputs greater than 5 666 MVA W frequently require or justify more

extensive control and protection than is discussed in this guide.
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3.3 Application

Prospective applications for small hydro projects occur wherever water or other liquid flow and

head exist. The majority of sites use the head developed by fresh water. Smal-hydro—units—are

These applications include installations at existing dams, water supply systems, pipelines, canals, or

at new impoundment structures that can be economically inexpensively built. The head developed

by other fluids, such as salt water, petroleum, or treated sewage outflows, can also be used to

develop small hydro.

Various data pertaining to the project being considered should be obtained to determine its

feasibility. Items to be considered when evaluating project feasibility include physical site

characteristics, head and flow data, size, quantity, and type of units. Further specifics on project

evaluation are contained in Annex A.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:15:46 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1020-2011


http://www.avadocuments.com/doc/ieee-1020-2011
http://www.avadocuments.com/doc/ieee-1020-2011

3.4 Operation and control

The operating strategy should be selected in consideration of the desired reliability for the plant.

Issues to consider in developing an operating system include the following:

— Attended or unattended station

—Remote or local control of the units

— Remote or local monitoring of the units

The chosen plant operating strategy varies and could be as simple as periodic visits by personnel to

a plant that is unattended and locally controlled. At the other extreme, the chosen strategy could be

a plant that is controlled and continuously monitored from a remote dispatch center. Further

discussion of these issues can be found in IEEE Std 1010 and IEEE Std 1249.

3.5 Interconnection

3.5.1 Overview

Generally, the use of the energy produced by a small hydroelectric power plant determines the type

of interconnection of the power plant to an electrical system. The three general uses of energy

production that determine the nature of the interconnection from a small hydroelectric power plant

are as follows:
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1) Exclusively dedicated for sale to an electric utility or power purchasing entity.

2) Used locally, such as within an industrial complex or electric utility, to offset energy

purchases and sell any surplus to a power purchasing entity.

3) All energy production consumed in an isolated electrical system with no

interconnection to an external electrical system.

3.5.2 Nature of interconnection

When the energy production from a small hydro plant wsnits is dedicated for sale to a power

purchasing entity, the plant is generally connected to the local electrical utility pewer<eompany

system;-aned-areconnected either directly or through a main transformer, frequently at a distribution

substation, or tapped into the utility’s distribution circuit. When the energy production is used to

offset local requirements with provisions for sales of any surplus to others, the interconnection is

similar to the dedicated-sale case with the exception that the interconnection would be to the local

distribution system. In theisolated system case, the connection is made either directly to the system

or through a main transformer. Fheunitmaysupplyapertionorallofitsoutput-to-alocal private

" : : 77
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3.5.3 Interconnection coordination issues

Interconnection requirements to an electric utility involve meeting the requirements established by

that utility to protect its equipment, system, and personnel. Likewise, utility interconnections are

required to meet certain local, government, and regulatory agency requirements. It is in the best

interests of both parties to agree upon protection systems and procedures that can maximize wH

assure the safety of their respective system equipment, loads, and personnel.

Items meriting careful study and coordination with the utility for the interconnection include the

following:

a) Coordination of unit voltage, frequency, and load limits with system equipment capabilities.

b) Identification of magnitude and duration of load and voltage transients occurring during

unit startup, synchronizing, and shutdown.

c) Operating strategy philesophy.

d) Metering.

e) Fault current levels eenrtribution.

f) Ceordination-ofeperationand-eoverageof Protective relaying systems-and-eirenit-breakers
teo-easurethat: The following should be considered:

1) The generator trips properly for system faults and remains disconnected for at least

the duration of reclosure cycles.

2) The generator does not cause extended undervoltage or overvoltage, or under- or over
frequency eendition-on-theconneected-system.
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3) Induction generators are safely disconnected from self-excitation sources, such as

capacitor banks, long lines, or cables under system separation conditions.

4) Small-hydro—plant Generators are prevented from back-feeding the utility system upon

utility system outages.

g) Convenientprovisionfor Application of safety grounds and visible break circuit isolation at

the interface.

h) Methods to prevent local or off-site operation of the generator or switching apparatus while

personnel are working on either the project or utility system equipment.

The interconnected utility may have specific interconnection requirements and should be consulted

early in the hydroelectric power plant planning stage. See Annex C for further discussion of

interconnection issues.

3.6 Unit arrangement

The generating unit can be vertical, horizontal, or inclined, with the type selected to suit the site’s
physical conditions. A typical vertical shaft Francis turbine generating unitis illustrated in Figure 1,
and a horizontal axial-flow shka#t propeller turbine unit in Figure 2. Other possible configurations
include horizontal Francis turbine units and vertical propeller turbine units. The Figures illustrate
the interrelationships between the equipment and control systems. The equipment required for a
specific installation depends upon the operational requirements of the project. Major auxiliary
equipment descriptions are included in subsequent laterseetions clauses of this guide. In general,
there are no major differences in the type of control equipment required for vertical versus

horizontal units.
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3.7 Small hydro project evaluation

Prospective applications for small hydro projects occur wherever water or other liquid flow and
head exist. The majority of sites use willtilize the head developed by fresh water. The head
developed by other fluids, such as salt water or treated sewage outflows, are used wtilized under
appropriate conditions. Various data pertaining to the project being considered should be obtained
to determine its feasibility. Items to be considered when evaluating project feasibility include
physical site characteristics, head and flow data, size, quantity, and type of units. Further specifics

on project evaluation are contained in Annex A.
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3.8 Rehabilitation considerations

Often an existing small hydro plant’s energy production has decreased, or its operating costs have

increased, or new regulatory requirements have been imposed as a condition for its continued

operation. If any of these or similar circumstances have been observed or have occurred, then the

plant may be a candidate for rehabilitation. Rehabilitation of an existing plant may result in

extending thelife, improving the performance, increasing the reliability, increasing the availability,

reducing the maintenance, and improving operations of the facility. IEEE Std 1147 provides detailed

guidance on rehabilitation opportunities with existing plant equipment and systems.

4. Equipment

4.1 General

Equipment for a hydroelectric plant may be divided into two classes: major and ancillary. Major
equipment includes those items directly involved with the production and transmission of power,
such as the turbine, turbine speed and load controller, generator, exciter, speed increaser,
switchgear, and transformer. Ancillary equipment is that which supports the major equipment, and
includes such items as mechanical auxiliary systems, unit control, and protection systems, as well as
the station service electrical system. The mechanical auxiliary equipment is discussed in 4.3, the
station service system is described in Clause 5, the protection system is described in Clause 6, and

the control system is described in Clause 7.
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4.2 Major equipment

4.2.1 Turbines

The turbine converts the potential and kinetic energies available in the water column into
mechanical energy to drive a generator, which converts the mechanical energy into electrical energy.
Thehead or effective water pressure at the turbine and the flow rate dictate the selection of the type
of turbine suitable for use at the particular site. The head and rate of flow determine the capacity of

the turbine.

Hydraulic turbines have two general classifications: reaction and impulse.

The two types of reaction turbines are propeller and Francis. Propeller turbines are available
with both fixed blades and variable pitch blades. Both propeller and Francis turbines can be
mounted either horizontally or vertically. Propeller turbines can also be slant mounted. Other
specific arrangements of propeller turbine designs are tubular, bulb, and rim generator. The

runner design principles, however, are the same. Other characteristics of reaction turbines are

discussed in Annex B.

Impulse turbines are classified as perpendicular jet (Pelton), diagonal jet (Turgo), or cross flow.

Impulse turbines can be mounted horizontally or vertically. Other characteristics of impulse

turbines are discussed in Annex B.

Turbines may be protected from damage by using the following methods:
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a) Properly setting the runner with respect to tail water elevation to minimize cavitation.

b) Operating reaction turbines within their rated power range or within the minimum and

maximum head limits to minimize cavitation.

c) Using trash racks upstream to limit the size of debris entering the turbine.

d) Using corrosion and wear-resistant materials to reduce the effects of abrasive and corrosive

materials carried by water.

e) Using shear pins to protect wicket gates in the event debris gets caught between them.

f) Providing automatic and manual locking means on wicket gate servomotors to prevent

movement while the unit is shut down.

g) Anticipating problems relating to ice conditions.

4.2.2 Bearings

Reaction turbine driven units in all orientations require a thrust bearing to withstand the
turbine runner axial forces. The thrust bearing for vertical and slant units must also carry all or part
of the weight of the turbine and generator rotating parts. Guide bearings for all units are designed to
withstand the radial forces imposed by the rotating parts. The guide bearings (sometimes referred
to as support or pedestal bearings) for slant and horizontal units also carry part or all of the weight

of the turbine and generator rotating parts.
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Impulse turbines do not produce axial thrust forces, so their thrust bearings are required to carry
only all or part of the rotating-part weights in either the vertical or slant configurations. Guide
bearings for all units are designed to withstand the radial forces imposed by the rotating parts,
including those resulting from unbalanced turbine jet operation. Guide (support or pedestal)

bearings for slant and horizontal units also carry part or all of the rotating-part weights.

Thrust bearings are oil-lubricated, either by self-pumping or by a high-pressure oil pump. Most
often, a thrust bearing is supplied as a part of the generator, but it can be supplied as a part of the

turbine. If a speed increaser is installed, the thrust bearing can be supplied as either part of it the

speed increaser or the turbine.

Guide bearings in general are oil-lubricated and self-pumping, although some turbine guide bearing

designs can require a circulating oil pump.

4.2.3 Speed increaser

Direct-coupled, low-speed, small capacity generators are more costly and have lower
efficiencies than high-speed generators. High-speed generators with nominal speeds from 720
through 1200 rev/min together with a speed increaser are less costly and more efficient than a slow-
speed, direct-connected generator, although there can be increased losses and maintenance
associated with use of a speed increaser. The choice to use a speed increaser is an economic decision.

Speed increasers are usually used with horizontal-shaft units.
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4.2.4 Turbine control system

The turbine speed and load control system consists of control and actuating equipment required to
regulate the flow of water through the turbines, and thereby regulate the speed of theunit and the

power output of the connected generator.

For the control of speed (operation off-line or isolated) or generation, a system is needed to regulate
gate position, blade angles, or nozzles, depending on the applied turbine type. For units that do not
require speed or generation control, simple on-off devices, such as intake gates or butterfly valves,

can be used.

For control of a small hydroelectric plant connected to the power grid, the turbine control system
operates as a positioner in response to some external command signals. For larger power plants,
because of hydraulic or electrical system conditions, the turbine control system may include a
closed-loop control system (governor) because of hydraulic or electrical system interface

requirements.

The turbine control system includes an actuator, which converts the external control signals to
mechanical movement of the gate, valve, wicket gates, blades, or nozzles. Usually this is a hydraulic

power unit, which includes an oil pump, pressure tank, actuating valve, and servomotor.

The governor senses unit speed, gate position, or power output to adjust the turbine control device

for speed regulation or for adjusting power output. Further discussion and information on turbine

control systems and their application is provided in IEEE Std 125 and IEEE Std 1207.
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4.2.5 Generators

Synchronous or induction generators are used to convert the mechanical energy output of the
turbine into electrical energy. Economics and other considerations discussed in this guide wH
determine which type should be used for a specific site. Both types are generally air-cooled for small
hydroelectric power plant applications. Most installations use synchronous generators. Induction

generators are only used when system conditions and economics permit.

4.2.5.1 Synchronous generator

The principal advantage of a synchronous generator for small hydroelectric plant applications is its
capability to operate with either a leading or lagging power factor, by control of its excitation.
Most generators are required to furnish reactive power. They should have a power factor rating
required by thelocal load or the connecting utility power system, or both, which commonly ranges

between 0.9 and 0.95. Some applications may require a machine with an even lower power factor.

Another advantage of the synchronous generator is its ability to establish its own operating voltage
and maintain frequency while operating isolated. Thus, if the interconnection to the power system
is severed, the generator can continue supplying the station and local load, hydraulic conditions
permitting. To use this benefit requires accurate and responsive speed and power output control
(governor), and voltage and reactive power control (automatic voltage regulator). Additionally,

certain aspects of protection system operation discussed in Clause 6 need to be considered.

Synchronous generators require direct current (dc) field excitation. Excitation systems are

discussed in 4.2.6.
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