This is a preview - click here to buy the full publication ‘

IEC 61362

Edition 2.0 2012-04

INTERNATIONAL
STANDARD

NORME V
INTERNATIONALE >

Guide to specification of hydraulic turbine governing systems

Guide pour la spécification des systéme\&e régulation des turbines
hydrauliques

INTH !%ngNAL
ELE(,;O*E\JHNLAL

COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE X B
CODE PRIX

ICS 27.140 ISBN 978-2-8322-0057-5

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale


http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/46309!opendocument&preview=1
https://iecnorm.com/api/?name=2f051e7bbaf8617f6371eaed096df3df

This is a preview - click here to buy the full publication

-2- 61362 © IEC:2012
CONTENTS
O T L I S 5
LN 7 1 L@ I 1 ]\ P 7
LS Yo7 o o 1= PP 8
2 NOrMaAtive e ErENCES. .. e 8
3 Terms, definitions, symbols and UNItS...........ccooiiiiiiii 9
3.1  General terms and definitions ... 9
3.2 Terms and definitions related to control levels and control modes .................0.|..... 9
3.3 Terms and definitions from control theory .........c..ccoiiiiii O 9
3.4 Subscripts and prefixes ... ...10
3.5 Terms and definitions related to the plant and the machines.............Q0..«........... ...10
3.6 Terms and definitions relating to the governing system .................Cr . L1
4 Qontrol structure ... ..o ...18
et I €Y o 1= - | P o PRI 18
4.2  Main control funClionS........ooiiiiiiiie e N 18
4.2.1  GeNEral couiiiiiii i S ...18
4.2.2 Speed Control ....c.oviiiiiiiiii e N .19
4.2.3 Power output Control ... ..o .19
4.2.4 0pening CONrol ....ccuvviiiiiei e .19
4.2.5 Water level control.... ..o e .19
4.2.6  FIow control ... O ...20
4.3 Configurations of combined control SYstems ..........ccoooiiiiiiiiiiiiii i ...20
4.3.1  GENETAL e e ...20
4.3.2 Parallel structure...... . ldi ...20
4.3.3  SerieS SITUCTUMES . it it e it aes .21
4.3.4 Other configurations .........ooiuiiiiiii e .22
4.4 Configurations of SENVO-POSItIONErS ......c.iiviiiiiii e .23
B MUIIPIE CONEIOl . e e ...23
S g B € 1= = = | P ...23
4.5.2 Parallel struCture.... ... .24
4.5.3 _Series SITUCTUTE ...t e ... 24
5 Rerformance-and components of governing systems ..........cccooiiiiiiii i ...24
o R I € 1Y 11 - | PP PPRPRRt ...24
9.2, \Modeling and digital simulation ..............cooi i ...25
§.3\" Characteristic parameters for PID-controllers ..................coeeeeeeieenieneeneeeeeennee . ...26
.31 GENEIAl .. 26
5.3.2 Permanent droop bp ................................................................................... 27
5.3.3 Proportional action coefficient Kp, integral action time T,, and

derivative action time T ... 27
5.4 Other parameters of the governing systems ..o 28

5.4.1 Command signal adjustments for controlled variables (speed, power
output, etc.) and load limiter...........cooiiiii i 28
5.4.2 Governorinsensitivity i,/2.............ccccciiiiiii 28
5.4.3 Parameters of servo-positioner ... 29
5.5 Functional relationship between servo-positioners..............coooiii 30

5.5.1 Dual regulation of turbines with controllable guide vane and runner
Dlade angles ....oe i 30


http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/46309!opendocument&preview=1
https://iecnorm.com/api/?name=2f051e7bbaf8617f6371eaed096df3df

This is a preview - click here to buy the full publication

61362 © IEC:2012 -3-
5.5.2 Dual control of turbines with needles and deflectors ...................oiiilL 31
5.5.3 Multiple CoNtrol .. ... 31
5.5.4  Other relationShips. ... 31
5.6 Actual signal measurement. ... ... 31
B5.6.1  GeNEIAl .o e 31
5.6.2 Rotational sSpeed..... .o 32
5.6.3  POWer OULPUL ..o 32
B5.6.4  Water leVel ..o 32
5.6.5 Actuator position (Stroke) ........c.oviuiiiiiiiii 32
0.0.0 olghal transmissIon Trom eleCtronic transimitiers. ..., ...32
8.7  Manual control ... e N ...33
8.8  Linearization ... e L T ...33
8.9  FOlloW-Up CONTIOIS ...eoeeie e S ...34
.10 Optimization control............oooi e ...34
.11 Monitoring parallel positioning of amplifiers ... ...34
8.12 Provision of actuating energy ........coooovviiiiiiiiiiiie MO ...34
5121 General .o N .34
5.12.2 System with an accumulator...........coii i ...35
5.12.3 Systems without accumulator..............cocc. a8t ...38
5.12.4 Direct electric posSitioner ... ... B e ...39
5.12.5 Recommendation for hydraulic fluid selection..............cooooiiiii . ...40
8.13 Power supply for electronic control systems). Y. ... .o ...40
.14 Operational transitions ... ... e ...40
5.14.1 Start-up and synchronization .,..x. ... ...40
5.14.2 Normal shutdown ... s e .41
5.14.3 Sudden load rejection ol .41
5.14.4 Other operational traRSitions ..o ...42
§.15 Safety devices/CirCUIts ..ol e .42
58T GeNEral .o e ...42
5.15.2 Quick shutdown and emergency shutdown .............ccoiviiiiiiiiniin e, ...42
5.15.3 Overspeed protection deviCe ..o ...43
5154 INtEPIOCKS ... e e ...43
.16 Supplementary equipmMeEnt ... ...43
5.16.15Measures to reduce pressure variations ..o ...43
51672 SUIge CONIOL ..coeiii e e ...43
5.16.3 Equipment and measures to lower the speed rise..........ccooooiiiiiiiiiini. ...44
5.16.4 Central flow rate control in river power station systems........................... ...44
5465 Brakes———— 44
5.16.6 Synchronous condenser mode of operation ... 45
5.17 Environmental suitability of governor components .............ccoocoiiiiiiiiii 45
5.17.1 Vibration and shock resistance.............oooiii i 45
5.17.2 Temperature and humidity .........cooiiiiiiii e 45
5.18 Electromagnetic compatibility...........cooiiiii i 45
6 How to apply the recommendations ... .. ..o 45
Annex A (normative) Simplified differential equations and transfer functions of idealized
1 oo o |1 P 58
Annex B (informative) Grid frequency CONtrol...........coooiiiiiiii i 60

Annex C (informative) Quick shutdown and emergency shutdown ...............coooiiiiiinnnennn. 63


http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/46309!opendocument&preview=1
https://iecnorm.com/api/?name=2f051e7bbaf8617f6371eaed096df3df

This is a preview - click here to buy the full publication

-4 - 61362 © IEC:2012
Figure 1 — Controlled variable range ... 12
Figure 2 — Permanent drO0p . ..o 12
Figure 3 — Proportional action coefficient and integral action time ... 13
Figure 4 — Derivative time Constant ... 14
Figure 5 — Dead Dand.... ... 15
Figure 6 — Minimum servomotor opening/closing time ..........cccoiiiiiiiiiiiii e, 16
Figure 7 — Time constant of the servo-positioner ..., 16
Figure 8 — Servo-positioNer INACCUIACY ........ciuiiiiiiiie e e 17
Figufe 9 — Control system dead time .. .. e e 17
Figune 10 — Control system with speed and power output controllers in parallel......... &0 .21

Figue 11 — Control system with speed controller and power command signal in parallel ....[...21

Figune 12 — Control system with speed controller and water level controller in parallel....... .21
Figure 13 — Governing system with power output and speed controller in segies ................ .22
Figune 14 — Governing system with water level controller and speed controller in series...... .22
Figune 15 — Power output control via the speed controller .............. 0N T ...22
Figune 16 — Water level controller without speed controller ........ i ...23
Figune 17 — Parallel structure with defined functional relation and"an additional signal

YU o X=Y L] o To 1= 14T o 1S ...24
Figure 18 — Series structure with defined functional relation and additional signal
SUPE[IMPOSITION ...t B Y ...24
Figure 19 — Time step response and frequency rgsponse of the amplifier output Y/Y| .,

to a displacement iNput S, ... ...30
Figurne 20 — Pressure tank content and presSUre ranges ........covvveeiiiniiieieiieee e e eaeanas ...35
Figure 21 — Open-CirCUit SYSIEM ... e ...39
Figune 22 — Start-up speed curve up _to-synchronization ................c.oooiii i ...41
Figune 23 — Load reeCtioN .. ... e e ...42
Figure A.1 — Idealized PID inpure parallel structure...........ccoooiiiiiiiiii e ...59
Figure A.2 — Idealized PID alternative representation...............coooiiiiiiii e ...59
Figune B.1 — Example ofprinciple schematic functional diagram of a unit with a turbine
govefning system using’an idealized PID controller with a power droop..........cccccooiieiiinians. ...61
Figune B.2 — Behaviour of two units with different governor permanent droop values .......... ...62

Tablg C.1—Alternative | — Summary of cases for quick shut-down and emergency shut-
Lo (oYY o P PP ...65

_|
QO
=2
¢
o,
N
|
»
a
E.
I
(¢
|
w
=
o
<]
9
dd
Q]
U]
(¢
]
§-|
e
9.
IS
=+
qa
d
=+
[}
g
3
o
d
a
a
(e
a
5
<
qa
d
+


http://webstore.iec.ch/Webstore/webstore.nsf/ArtNum_PK/46309!opendocument&preview=1
https://iecnorm.com/api/?name=2f051e7bbaf8617f6371eaed096df3df

This is a preview - click here to buy the full publication

61362 © |IEC:2012 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDE TO SPECIFICATION OF HYDRAULIC TURBINE
GOVERNING SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

end and in addition to other activities, IEC publishes International Standards, Technical Specific
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred) to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte]
in [the subject dealt with may participate in this preparatory work. International, governmental and
gopernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates (
with the International Organization for Standardization (ISO) in accordance with conditions determin
agfeement between the two organizations.

Thle formal decisions or agreements of IEC on technical matters express, as neafply{as possible, an intern
copsensus of opinion on the relevant subjects since each technical committee“has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use _and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for thexway in which they are used or f
miginterpretation by any end user.
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In [order to promote international uniformity, IEC National Gommittees undertake to apply IEC Publidations

transparently to the maximum extent possible in their natiomal and regional publications. Any dive
befween any IEC Publication and the corresponding natiohal ‘or regional publication shall be clearly indic3
latter.

itself does not provide any attestation of confarmity. Independent certification bodies provide conf
aspessment services and, in some areas, access'to |IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical committees and’IEC National Committees for any personal injury, property dam
other damage of any nature whatSoeever, whether direct or indirect, or for costs (including legal fee
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

Atfention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correet ‘application of this publication.

Atfention is drawn tg the possibility that some of the elements of this IEC Publication may be the sub
pafent rights. IEC shatt'not be held responsible for identifying any or all such patent rights.

Interpational Standard IEC 61362 has been prepared by IEC technical committee 4: Hyd
turbines.

This |seéond edition cancels and replaces the first edition published in 1998. It is a tech
revision. It takes Into account the experience with the guide during the last decade as well as
the progress in the state of the art of the underlying technologies.
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The text of this standard is based on the following documents:

FDIS Report on voting
4/270/FDIS 4/272/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until the
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data related to
the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.
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INTRODUCTION

While a standard for the testing of hydraulic turbine governing systems had been existing for a
very long time (IEC 60308 published in 1970)1, a guide for the specification of hydraulic turbine
governing systems was missing until 1998. The need for such a guide became more and more
urgent with the fast development and the new possibilities especially of the digital components
of the governor.

The current second edition of the guide takes into account the experience with the guide during
the last decade as well as the progress in the state of the art of the underlying technologies.

WhiIJs the first edition was written more or less as a supplement to the already existing

for td
gove

sting, the objective of the second edition is to be the leading guide with respectto tu
'ning systems.

juide
rbine

1 |EC 60308:1970, International code for testing of speed governing systems for hydraulic turbines. This

pu

blication was withdrawn and replaced by IEC 60308:2005.
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GUIDE TO SPECIFICATION OF HYDRAULIC TURBINE
GOVERNING SYSTEMS

1 Scope

This International Standard includes relevant technical data necessary to describe hydraulic
turbine governing systems and to define their performance. It is aimed at unifying and thus
facililatmg the selection of relevant parameters in bidding specifications and technical bids. It
will aJso serve as a basis for setting up technical guarantees.

The [scope of this standard is restricted to the turbine governing level. Additionally some
remarks about the control loops of the plant level and about primary and secondary frequency
contrpl (see also Annex B) are made for better understanding without making a claim fo be
complete.

Important topics covered by the guide are:
— speed, power, water level, opening and flow (discharge) control for reaction and impulse-
type turbines including double regulated machines;
— means of providing actuating energy;

— safety devices for emergency shutdown, etc.

To fqcilitate the setting up of specifications, this guide also includes data sheets, which gre to

be filled out by the customer and the suppliertin the various stages of the project and the
contrgct.

Acceptance tests, specific test procedurés and guarantees are outside the scope of the duide;
thosg topics are covered by IEC 60308

2 Normative references

The f{ollowing documents;:in whole or in part, are normatively referenced in this document and
are indispensable for(its*application. For dated references, only the edition cited applie§. For
undafed references| the latest edition of the referenced document (including any amendmients)
applies.

IEC §0050-354:2006, International Electrotechnical Vocabulary — Part 351: Control technology

IEC §0068-2-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock
IEC 60308:2005, Hydraulic turbines — Testing of control systems

IEC 61000-4-1:2006, Electromagnetic compatibility (EMC) - Part 4-1: Testing and
measurement techniques — Overview of IEC 61000-4 series

CISPR 11:2009, Industrial, scientific and medical equipment — Radio-frequency disturbance
characteristics — Limits and methods of measurement

ISO 3448:1992, Industrial liquid lubricants — ISO viscosity classification
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