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EN IEC 61362:2024 (E)

European foreword

The text of document 4/500/FDIS, future edition 3 of |JEC 61362, prepared by TC 4 "Hydraulic turbines"
was submitted to the IEC-CENELEC parallel vote and approved by CENELEC as
EN IEC 61362:2024.

The following dates are fixed:

+ latest date by which the document has to be implemented at national (dop) 2025-10-31
level by publication of an identical national standard or by endorsement

+ latest date by which the national standards conflicting with the (dow) 2027-10-31
document have to be withdrawn

This document supersedes EN 61362:2012 and all of its amendments and corrigenda (if any).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC 61362:2024 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:

EC 60193 NOTE Approved as EN IEC 60193
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the
relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cencenelec.eu.

Publication Year Title EN/HD Year

EC 60308 - Hydraulic turbines - Testing of governing EN IEC 60308 -
systems

IEC 61131-2 - Industrial-process measurement and N 61131-2 -

control - Programmable controllers - Part 2:
Equipment requirements and tests

Documents

Document Sharing Hub

Full document details: BS EN IEC 61362:2024


https://www.cencenelec.eu/
https://doi.org/10.3403/30114697U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/02223378U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-iec-61362-2024
http://www.avadocuments.com/doc/bs-en-iec-61362-2024

-2- IEC 61362:2024 © IEC 2024

CONTENTS
O T T 1 I PP 7
LN I 2 1 1 L O 1 PN 9
1 ST e o] o 1T PO PP 10
2 NOIMAtiVE FEFEIENCES .. oeieiiei e 10
3 Terms and definitioNs ... 10
3.1 General terms and definitions ... ..o 11
3.2 Terms and definitions related to control levels, control modes and
OPErationNal MOUES ... 11
3.3 Terms and definitions from control theory ... 12
3.4 SUDbSCripts and PrefiXes ... 13
3.5 Terms and definitions related to the plant and the units ... 13
3.6 Terms and definitions related to the governing system ..., 16
4 Governing SYStem SITUCTUIE .....ouuiii e 23
4.1 LT a1 = PP 23
4.2 Main control FUNCLIONS ... e 24
421 GBNEIAl e 24
4.2.2 ST o1=Y=To I oTe] a1 4 o ] NP 24
4.2.3 Power output CONtrol.. ... 24
4.2.4 OPENING CONTIOl .. e e e e 24
4.2.5 Water 1evel CONrol.... ..o 25
4.2.6 FIOW CONIIOL .o e 25
4.3 Configurations of combined controllers ...........ccooiiiiiiiiiii e 25
4.3.1 GBNEIAl e 25
4.3.2 Parallel SIrUCTUNe ... ..o 25
4.3.3 Series SITUCIUIES ..o, 26
4.4 Special control FUNCLIONS ... ... 26
4.41 Feed forward CONTrol.... ..o 26
4.4.2 Surge tank level or pressure feedback .........coooiiiiiiiiii 27
4.5 Pump-turbine CONtrol. ... ... e 28
451 GBNEIAl e 28
452 Conventional pump-turbine control ..o 28
4.5.3 Variable speed pump-turbine control ... 28
4.6 Manual CONTIOL .. .. e e 30
4.7 LiN@arIZAtION L. 30
4.8 Limitation fUNCHIONS ... s 30
4.9 Bumpless control modes transition..........c...oiiiiiii i 31
410  Optimization CONTIOl .. ... 31
5 Functional perforManCe ........couuiiiiiiie e e 31
5.1 LCT=Y o L=Y - | PPN 31
5.2 Modelling and digital simulation ... 32
5.2.1 GBNEIAl e 32
5.2.2 LA = L=l o =TT = Vo = 3P 33
5.2.3 Turbine, generator, electrical grid ..........cooiiiiiii e 33
5.2.4 CONtrol CONCEPT . e e 33
5.2.5 Hardware-in-the-loop simulation ... 34
5.2.6 Personnel training ... 34
5.2.7 Inaccuracy of plant simulators .............coooiiiiiiiii Documents

Document Sharing Hub

Full document details: BS EN IEC 61362:2024


http://www.avadocuments.com/doc/bs-en-iec-61362-2024
http://www.avadocuments.com/doc/bs-en-iec-61362-2024

IEC 61362:2024 © IEC 2024 -3-

5.3 Characteristic parameters for PID-controllers..........cccoooviiiiiiiiici e, 35
5.3.1 LT o= = | P 35
5.3.2 Permanent drOOpP .. .o 35
5.3.3 Proportional action coefficient Kp, integral action time T, and derivative

action time T ..o 35
5.3.4 Tuning of turbine governing systems ..........coooiiiiiii i 36

5.4 Other parameters of the governing systems ...........ccooiiiiiiiiiiii i, 37

5.4.1 Command signal adjustments for controlled variables (speed, power
output, etc.) and load limiter ..o 37
5.4.2 Governor insensitivity iy /2 ... 37
5.4.3 Dynamic characteristics of servo-positioner ..o, 37
5.4.4 Parameters of Servo-posSitioNer..........cooviiiiiiiii 39
5.4.5 Servo-positioner non-linearity by kinematics ...........coooiiiiiiiiii 40
6  Servo positioner configurations..... ..o 40

6.1 S EIVO-POSITIONEIS e 40

6.2 Configurations of SErvo-poSItiONErs ..........oiiiiiiiii e 41

6.3 Multiple actuator CONrol ... . ... e 41
6.3.1 LY o= = | P 41
6.3.2 Parallel SIrUCTUNe ... ..o 42
6.3.3 Series StrUCIUIE .. . e 42
6.3.4 Individual CONTrol . ... 42

6.4 Dual regulation of turbines with controllable guide vane and runner blade

ANGIES 43

6.5 Dual control of turbines with needles and deflectors...............oo s 43

6.6 Other relationNSNiPS . ... 43

7 INStrUME N At ON . ... s 43

7.1 BN Al e e 43

7.2 Rotational SPEEA ... ..o s 44

7.3 P OW BT QUL PUL L. e e 44

7.4 VAt el LBVl o e 44

7.5 Actuator poSItion (STrOKE) ......iiii i 44

7.6 Signal transmission from electronic transmitters ... 44

8  Safety functions and deVICEeS ... 44

8.1 BN Al e e 44

8.2 Quick shutdown and emergency shutdOWn ............ooiiiiiiiiiiiiiin e 44
8.2.1 GBNEIAl e 44
8.2.2 TriPPING ACH ONS e 45
8.2.3 Servomotor shutdown initiating devices ..........cc.cooiiiiiiiiiii i 45
8.2.4 I 1o o1 T o 1 3= o - T 45
8.2.5 TriPPING StrategieS .. i 45

8.3 Overspeed protection deViCe..... .o 45

8.4 INEEITOCKS e 45

9 Provision of actuating €nergy.....cc.oou i 46

9.1 LT 1= - T PPN 46

9.2 System with an accumulator ... 46
9.2.1 Pressure tank (air-oil accumulator) .........coooiiiiiii 46
9.2.2 Piston @accumulators ... 48
9.2.3 Bladder accumulators ... ..o Docuﬁents

Document Sharing Hub

Full document details: BS EN IEC 61362:2024


http://www.avadocuments.com/doc/bs-en-iec-61362-2024
http://www.avadocuments.com/doc/bs-en-iec-61362-2024

-4 - IEC 61362:2024 © IEC 2024

9.2.4 Ol SY S BIMS oot 48
9.2.5 Pumps for accumulator Systems ... 48
9.2.6 Ol SUMP 1aNKS e e 49
9.2.7 AUXIiAary eQUIPMENT ... e 49
9.2.8 Provision of pressurized gas....... v 49
9.3 Systems without accumulator............oooiiiii 50
9.3.1 Constant flow SYSTEMS . ..o 50
9.3.2 Variable flow SYStemMS ... 50
9.4 Direct eleCtriC POSIIONEr .. . 51
9.5 Recommendation for hydraulic fluid selection ...........c..coiiiiiii e, 51
10 Operational tranSitioNS. ........iiiii e 51
10.1  Start-up and synchronization......... ..o 51
10.2  NOrmMal SHULAOWN ..o e 52
10.3  Sudden 10ad reJECHION ....cuiii e 52
10.4  Other operational transitioNs ..........couiiiiii 53
11 Supplementary eqQUIPMENt ... 53
11.1  Measures to reduce pressure variationS........coooviiiiiii i 53
T1.2  SUIGE CONIIOL et e et eaes 53
11.3 Equipment and measures to lower the speed rise ...........coviiiiiiiiiiiiii i 54
114 JOINt CONIIOl ..o e 54
I T = 1 = Y (1 T PN 54
11.6  Synchronous condenser mode of operation............cccceiiiiiiiiiiiiiii e 54
12 Considerations for the electronic goOVEerNOr.........oiiu i 55
12,1 Equipment reqUIremMeENntS oo e 55
12.2 Power supply recommendations ........co.oiiiiiiiiii e 55
13 How to apply the recommendations ..o 55
Annex A (normative) Simplified differential equations and transfer functions of
idealized PID-CoNtrol fUNCHIONS. . ... e e e e 68
Annex B (informative) Grid frequency CONtrol........ ..o 70
B.1 LT =Y o= ¥ S 70
B.2 Power equilibrium and grid freqQUENCY ........ooiiiiiii 70
B.2.1 Power eqUILTDIIUM ... e 70
B.2.2 Grid frEQUENCY ..o 70
B.3 Primary frequencCy CONTIOl ... ...ooii e 70
B.3.1 Primary frequency control performed by generating units..............cccoceveenn. 70
B.3.2 Droop of @ generating Unit ..o 71
B.4 Secondary freqUENCY CONEIOL. ... .cuiinii e 72
Annex C (informative) Role of governing systems for stability in interconnected grid
Lo 0 1= 1= 140 o PN 73
C.1 LT =Y o= ¥ S 73
C.2 Stability of the unit with respect to the water hydraulic system ............................. 73
C.3 Stability of the unit with respect to the electrical power system ............................ 73
C.3.1 LT o= = | P 73
C.3.2 Power oscillations due to the electrical power system...........cooooiiiiiiiiinnn. 74
C.3.3 Power oscillations due to pressure fluctuations in hydraulic machines ........... 74
C.3.4 1070 o o7 11 = To o [ PP 75
Annex D (informative) Quick shutdown and emergency shutdown ..............ccooiiiiiiiiininnn. 76
D.1 GBNETAL . Docu-ﬁ‘ients

Document Sharing Hub

Full document details: BS EN IEC 61362:2024


http://www.avadocuments.com/doc/bs-en-iec-61362-2024
http://www.avadocuments.com/doc/bs-en-iec-61362-2024

IEC 61362:2024 © IEC 2024 -5-

D.2 Alternative exXample | ... 76
D.21 LT o= = | P 76
D.2.2 QUICK SRULAOWN ... e 76
D.2.3 Emergency ShUtdOWN ... ... e 77
D.2.4 Summary table and combined tripping Cases .........ccoovviiiiiii i 78

D.3 Alternative example [l ... 79

(27 o] [ To | £=T o] 0 2 PPN 80
Figure 1 — Turbine control transmission ratio .........ccoiiiiiiiii e 15
Figure 2 — Controlled system self-regulation factor ............c.oooi i 15
Figure 3 — Controlled variable range ... ..o 17
Figure 4 — Permanent drO0D ..ot ettt e e e e e 17
Figure 5 — Proportional action coefficient and integral action time........................olll 18
Figure 6 — Derivative time Constant ... ... ... 19
Figure 7 — Dead Dand ... 20
Figure 8 — Minimum servomotor opening/closing time .........cccoiiiiiiiiii e, 20
Figure 9 — Time constants of the servomotor/servo-valve combination..........................ooeil. 21
Figure 10 — Servo-positioNer INACCUFACY ....c.uiiuuiiiiii e e e 22
Figure 11 — Governing system dead time .. ... 23
Figure 12 — Governing system with speed and power output control functions in

= 1= 11 = PP 26
Figure 13 — Governing system with speed control function and water level control

function in parallel ... s 26
Figure 14 — Governing system with power output and speed control functions in series ........ 26
Figure 15 — Schematic diagram of a turbine governing system with feed forward .................. 27
Figure 16 — Schematic diagram of a turbine governing system with an additional

pressure feedback compensation control function ..., 28
Figure 17 — Governor function in conventional pump mode ... 28
Figure 18 — Governor function of variable speed pumped storage systems in pump

0 T0 o [ PP 29
Figure 19 — Governor function of variable speed pumped storage systems in turbine

mode with power output based CONtrol ... .. ..o e 29
Figure 20 — Governor function of variable speed pumped storage systems in turbine

mode with rotating speed based CoONtrol ... 29
Figure 21 — Servo-positioner control loop — simplified dynamic model with P-controllers....... 38
Figure 22 — Servo-positioner control loop — simplified dynamic model........................coill 38
Figure 23 — Time step response and frequency response of the output of the servo-

[9T0 = 14 To T =Y o 39
Figure 24 — Servo-positioner block diagram ... 41
Figure 25 — Parallel structure with defined functional relation and an additional signal

LYW oY= T a] oo 1= 1 £ o PN 42
Figure 26 — Series structure with defined functional relation and additional signal

LT 0T oY o [ o] oo 17141 ] o PSS 42
Figure 27 — Structure with different set-points for each servo-positioner ............................... 42
Figure 28 — Pressure tank content and pressure ranges ........ccocvveeieiiiiieieieiieeec e 46
Figure 29 — Open-CirCUIt SYSTEM ... e e 50
Figure 30 — Start-up speed curve up to synchronization............................ oL Docuggents

Document Sharing Hub

Full document details: BS EN IEC 61362:2024


http://www.avadocuments.com/doc/bs-en-iec-61362-2024
http://www.avadocuments.com/doc/bs-en-iec-61362-2024

-6 - IEC 61362:2024 © IEC 2024

FIgure 31 — Load re eCHION ....ueie i e et aaas 53
Figure A.1 — Idealized PID in pure parallel structure ... 68
Figure A.2 — Idealized PID alternative representation...................... 68

Figure B.1 — Example of principle schematic functional diagram of a unit with a turbine
governing system using an idealized PID control function with a frequency-power

Lo o Yo o N 71
Figure B.2 — Behaviour of two units with different governor permanent droop values ............ 72
Table 1 — Unit and plant Categories. ..o e 55
Table D.1 — Alternative | — Summary of cases for quick shut-down and emergency

SUL- O W L e e 78
Table D.2 — Alternative Il — Summary of cases for quick shut-down and emergency

£ o 101 o o 1 o S 79

Documents

Document Sharing Hub

Full document details: BS EN IEC 61362:2024


http://www.avadocuments.com/doc/bs-en-iec-61362-2024
http://www.avadocuments.com/doc/bs-en-iec-61362-2024

IEC 61362:2024 © IEC 2024 -7-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDELINES TO SPECIFICATION OF
HYDRAULIC TURBINE GOVERNING SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

EC 61362 has been prepared by IEC technical committee 4: Hydraulic turbines. It is an
International Standard.

This third edition cancels and replaces the second edition published in 2012. This edition
constitutes a technical revision.

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

a) adoption of parts of |JEC 60308:2005 which deal with specification matters;

b) introduction of several new technical topics;

c) overall editorial revision.
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The text of this document is based on the following documents:

Draft Report on voting

4/500/FDIS 4/509/RVD

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

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

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

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

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

While the first edition was written more or less as a supplement to the already existing guide
for testing, the objective of the second edition was to be the leading guide with respect to turbine
governing systems.

The second edition of this document took into account the experience with the guide until 2012
as well as the progress in the state of the art of the underlying technologies.

This third edition was developed together with the third edition of the standard for the testing of
hydraulic turbine governing systems (JEC 60308) in order to harmonize their contents and their
publishing dates.

Furthermore, the standards are kept open for state of the art by introducing new topics and
harmonizing the structure as well as the terms and definitions for both standards.

1 |EC 60308:1970, International code for testing of speed governing systems for hydraulic turbines. Tyt icati
was withdrawn and replaced with [EC 60308:2008. Dy¢eitients
Document Sharing Hub
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GUIDELINES TO SPECIFICATION OF
HYDRAULIC TURBINE GOVERNING SYSTEMS

1 Scope

This document includes relevant technical data used to describe hydraulic turbine governing
systems and to define their performance. It is aimed at unifying and thus facilitating the selection
of relevant parameters in bidding specifications and technical bids. It serves also as a basis for
setting up technical guarantees.

The scope of this document is restricted to the turbine governing level. Additionally some
remarks about the control loops of the plant level and about interactions with the electrical grid
in case of primary and secondary frequency control (see also Annex B and Annex C) are made
for better understanding without making a claim to be complete.

Important topics covered by the guidelines 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 facilitate the setting up of specifications, these guidelines also include data sheets, which

are filled out by the customer and the supplier in the various stages of the project and the
contract.

Acceptance tests and specific test procedures are outside the scope of this document; those
topics are covered by |[EC 60308§.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

EC 60308, Hydraulic turbines — Testing of control systems

IEC 61131-2, Industrial-process measurement and control — Programmable controllers — Part 2:
Equipment requirements and tests

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

e |SO Online browsing platform: available at https://www.iso.org/obp
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3.1 General terms and definitions

3.11

turbine governing system

technical equipment governing the opening (guide vane, runner blade, needle, deflector
position) of hydraulic turbines

Note 1 to entry: At the present state of the art, the turbine governing system consists of an oil hydraulic and an
electronic part, the "oil hydraulic governor" and the "electronic governor" and an interface between both, the
electro/hydraulic converter.

3.1.2

controlled system

system controlled by the actuators of the governing system consisting of the hydraulic turbine,
its water supply and discharge passages, the generator with voltage regulator and the electric
power grid to which it is connected

3.2 Terms and definitions related to control levels, control modes and operational
modes

3.21
control levels

3.211
turbine governing level
control functions directly related to the governing system of a single turbine

Note 1 to entry: The following control modes are related to the turbine governing level:

— speed control;

— power output control;

— water level control;

— opening control;

— flow control (the term flow used in this document has the same meaning as the term discharge).
3.21.2

unit control level

control functions directly related to the overall control of a single unit (turbine, generator, unit
auxiliaries) including turbine governing, voltage regulation, start-stop-sequencing etc.

3.21.3

plant control level

control functions related to the overall control of a whole plant including the control of several
units

Note 1 to entry: In automatic unit and plant control operation, the turbine governing system gets its modes and set-
points from the unit and plant control level.

3.21.4
grid control level
control functions related to the overall control of the grid as a whole

Note 1 to entry: If applicable the turbine governing system participates either by primary or by secondary frequency
control, or both (see Annex B).

3.2.2
control modes at the turbine governing level

3.2.21
speed control
mode of the governing system dealing with the control of the speed of the turbine
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3.2.2.2
power output control
mode of the governing system dealing with the control of the power output of the generator

3.2.2.3

water level control

mode of the governing system dealing with the control of the water level of the headwater
reservoir

3.2.2.4

opening control

mode of the governing system dealing with the control of the position of the main actuator(s) of
the turbine

3.2.2.5
flow control
mode of the governing system dealing with the control of the flow through the turbine

3.2.3
main operation modes

3.2.31
no-load operation
mode of the governing system when the unit is not connected to a grid

3.2.3.2

island operation

operation of a generating unit that is interconnected with a relatively small number of other
generating units

Note 1 to entry: Such a small number can occur after inadvertent tripping of circuit breakers that interconnect the
island with a large interconnected power system.

3.2.3.3
isolated operation
specific case of islanded operation consisting of a single generating unit

3.2.3.4
grid operation
mode of the governing system when the unit is connected to a stable grid

3.3 Terms and definitions from control theory

3.3.1
differential equation
equation describing the dynamic system behaviour in the time-domain, as shown in Annex A

3.3.2
transient response
system response (output) to a step change of the input

3.3.3

frequency response

for a linear time-variant system with a sinusoidal input variable in steady-state the ratio of the
phasor of the output variable to the phasor of the corresponding input variable, represented as
a function of the angular frequency o

Note 1 to entry: The frequency response coincides with the transfer function taken on the imaginary axis of the
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3.3.4

transfer function

for a linear time-invariant system the ratio of the Laplace transformation of an output variable
to the Laplace transform of the corresponding input variable, with all initial values equal to zero

Note 1 to entry: The Laplace operator s is the complex variable of Laplace transform, only used for transfer functions

in the frequency domain.

3.4 Subscripts and prefixes
Sub- Subscript/prefix Definition Symbol Unit
clause related to
3.4.1 rated subscript indicating the rated operation point of the system r -
3.4.2 maximum subscript indicating maximum or minimum values of any max. -
minimum term min.
3.4.3 deviation Prefix indicating the deviation of any value from a defined A -
value (in case of linearization the defined value is the
steady-state value)
3.4.4 wicket gate subscript associating a quantity to wicket gate (guide vane) ga -
position
3.4.5 runner subscript associating a quantity to runner blade position ru -
3.4.6 needle subscript associating a quantity to needle position ne -
3.4.7 deflector subscript associating a quantity to deflector position de -
3.4.8 main inlet valve subscript associating a quantity to main inlet valve miv -
3.5 Terms and definitions related to the plant and the units
Sub- Term Definition Symbol Unit
clause
3.5.1 specific specific energy of hydraulic water available between the high- E J - kg™’
hydraulic and low-pressure side sections of the unit
energy of unit
3.5.2 turbine head H =E/g definition of E, see 3.5.1 H m
g = acceleration due to gravity
= 9,81 m-s~2 (at sea level)
3.5.3 water level elevation above the reference datum (usually mean sea level) z m
3.5.4 flow volume of water per unit time flowing through any section in 0] m3 - g1
the system
3.5.5 rotational number of revolutions per unit time n s 1
speed . .
Instead of s~' the unit rpm is frequently used.
3.5.6 frequency number of cycles per second f Hz
3.5.7 generator generator power measured at generator terminals Pg w
power output
3.5.8 moment of moment of inertia for calculation of fly-wheel effect. 1 kg - m?
inertia of mass I=Mx D?/4 =M x R?
(M = mass, D = diameter of gyration,
R = radius of gyration)
3.5.9 torque power output deviation divided by instantaneous angular AM N-m
deviation speed
3.5.10 unit ratio of the angular momentum of the unit to the rated torque T, s
acceleration
constant
3.5.11 load ratio of the angular momentum, caused by the power grid T, s
acceleration referred to the rated torque of the unit
constant
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Sub- Term Definition Symbol Unit
clause
3.5.12 turbine control | At a considered servomotor position, the slope of the graph e
. . . . y
transmission relating to the turbine torque m, at constant speed and head to
ratio servomotor movement y (see Figure 1)
alternate term: dMi/M,)  dmy
turbine gain ey =" ="
dy dy
3.5.13 controlled at the speed considered, the slope of the graph relating to the e,
system self- torque deviation to the speed at a specified servomotor
regulation position and a specified load condition of the grid.
factor
en = eg - e‘
The torque m should be referred to the rated torque M, = P /o,
and the speed x, referred to the rated speed o,
(see Figure 2)
3.5.14 turbine self- component of e due to the turbine (index ¢)
regulation
factor o = dm, _ y d(P/w)
YT dx, P dx,
P_and o, are the same reference values as used to determine
e, (see Figure 2)
3.5.15 load self- component of ¢ due to the load (index g)e, = dmg _ or o 2Ce/0)
regulation dxn  Pr dxn
factor Error! Bookmark not defined.P, and o, are the same
reference values
as used to determine ¢, (see Figure 2)
3.5.16 penstock time required for the pressure waves to travel 2 lengths of the T, s
reflection time | penstock:
n L
=2y —*
i=19
where
a; is the velocity of wave propagation in each section of the
penstock;
L; is the length of each penstock section.
3.5.17 water inertia characteristic time at rated condition due to inertia of the Ty s
time water in the water passages defined as:
alternative n
term: Ty = < >, L
P gH, = 4
water starting ri=1 “i
time
where
4; is the area of each section;
L, is the corresponding length;
O, is the rated discharge;
H, is the rated net head;
is the gravity constant;
n is number of penstock sections including spiral case and
draft tube.
If T\, is calculated for other than rated conditions, this shall be
mentioned clearly.
3.5.18 water hammer ratio of water inertia time, 7,,, to penstock reflection time, T,
number at rated conditions.
alternative T
term: Allievi hy =L
constant T
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Figure 1 — Turbine control transmission ratio

Figure 2 — Controlled system self-regulation factor
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3.6 Terms and definitions related to the governing system

Sub- Term Definition Symbol | Unit
clause
3.6.1 controlled variable which shall be controlled such as
variable ) )
— absolute, dimensional value X var.
— relative value X -
the relative value is calculated as absolute value related to the
rated value, x = X/ X, for
— rotational speed Xn -
— power output Xp -
— opening X -
— flow v -
xq —
deviating from the definition above the relative value for water ¥z -
level z is calculated as: x, = (z =z, Y (Zax = Zmin )
3.6.2 command signal which can be set by an external adjustment:
signal — absolute, dimensional value C var.
— relative value c -
the relative value is calculated as absolute value related to the
rated value, ¢ = C/C, for
— rotational speed “n -
— power output p -
— opening ¢ -
— flow v -
Cq —
c
deviating from the definition above the relative value for water z
level z is calculated as: ¢, = (z =z, M (Znax = Zmin )
3.6.3 servomotor stroke of the main servomotor, either as
stroke
— absolute value
— relative value Y m
The servomotor moves either the Y -
— guide vane
—runner blades
— needles
— deflectors
the relative value is calculated as absolute value related to the
maximum value, y = Y/Y ax
Note 1 to entry The effective maximum servomotor stroke v
is the maximum mechanical stroke after commissioning.
Taking the kinematics into account, it can also be related to the
opening, see 5.4.5
3.6.4 servomotor set-point for the servomotor stroke (relative value) Yo -
stroke set-point
3.6.5 main control stroke of the main control valve, either as
valve stroke
— absolute value Y,
— relative value y
v
Note 1 to entry The effective maximum main control valve
stroke is the maximum mechanical stroke after commissioning.
3.6.6 controlled adjusting range for the setting of a controlled variable,
variable range consisting of
— maximum value of the controlled variable Xméx -
— minimum value of the controlled variable min
Note 1 to entry In speed control or water level control, the
controlled variable range depends on the average setting of the
permanent droop (Figure 3).
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A
Xmax ]
=0 >
Ty
Ymax
Xmin
Y
IEC
Figure 3 — Controlled variable range
Sub- Term Definition Symbol Unit
clause
3.6.7 electronic output signal at the electronic governor corresponding to the m -
governor input signal of the following servo-positioner as a relative
output signal value
3.6.8 valve position position of the controlling valve or the pilot valve u -
wlo A
wJos
:|‘:"
0 =
U A
Ymax PI’
IEC

Figure 4 — Permanent droop
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Sub- Term Definition Symbol Unit
clause

3.6.9 permanent function showing the relationship between bp %
droo

P — speed, frequency or water level versus
— opening or power
under steady state conditions, either
— the slope of the function at a specific point of operation or
— the slope of the straight line between the endpoints of
the function
SEE: Figure 4
Note 1 to entry Wherever the term "droop" is used
throughout this document, the definition of "permanent droop"
applies. The "temporary droop" of the past is not defined and
not used anymore in the document.
Note 2 to entry The following specific droops are practically
used:
— frequency-power droop or speed-power droop,
— frequency-opening droop or speed-opening droop,
— level-opening droop,
— level-power droop.

3.6.10 proportional quotient of the variation of the output variable to the Kp -
action corresponding variation of the input variable for a proportional
coefficient element
alternative Note 1 to entry As shown in Figure 5 the proportional action
term: coefficient produces a controlling action that is proportional to
proportional the magnitude of the controller error in a Pl controller.
gain
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Figure 5 — Proportional action coefficient and integral action time
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Sub- Term Definition Symbol Unit

clause

3.6.11 integral action | constant of the integral action of an idealized PID controller T, S
time

Note 1 to entry The integral action acts to trim the controller
error to a value of zero. The rate of trim is proportional to the
magnitude of the error and indirect proportional to the integral
action time, as shown in Figure 5.

Note 2 to entry The integral action coefficient Kl (also known
as "integral gain") is the reciprocal value of the integral action
time (KI = 1/T)).

Reset time is defined by T, = Kp/KI.

3.6.12 | derivative constant of the derivative action of an idealized PID controller Ty s

action time Note 1 to entry The transfer function (7 x s) can practically

be realized only approximately by a DT, transfer function, i.e.
a derivative term multiplied by a first-order lag element:

Kip X Tip %
1+T1D><s

The step response of such a transfer function is shown in
Figure 6.

For small values of T, the following approximation applies,
which represents the idealized derivative action:

Tp=Kip*Tip

Rate time is defined in parallel structured PID-controllers by
Ty = KD/Kp, with derivative action coefficient Ky = T,.
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Figure 6 — Derivative time constant
Sub- Term Definition Symbol Unit
clause
3.6.13 dead band maximum band between two values inside of which the iy -
variation of the controlled variable does not cause any
governing action
SEE: Figure 7.
3.6.14 insensitivity one-half of the dead band i /2 -
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Figure 7 — Dead band

Sub- Term Definition Symbol Unit
clause
3.6.15 minimum opening/closing time for one full servomotor stroke at Tg, T s
servo-motor maximum velocity, cushioning times disregarded
opening/

closing time SEE: Flgure 8.

Note 1 to entry: Minimum servomotor opening and closing
times are the result of hydraulic transient calculations.

3.6.16 servomotor elapsed time during which the rate of servomotor travel is T, s
cushioning retarded, beginning at specified servomotor position
time Yh/Ymax to full closed position

SEE: Figure 8.
3 A
>~|>~E
1
| Th
r—»
0 : e
I Iy _
IEC

NOTE In case of stepped opening/closing velocities a diagram should be provided.

Figure 8 — Minimum servomotor opening/closing time
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Sub- Term Definition Symbol Unit
clause
3.6.17 time constant time constant of an approximated behaviour of the servo Ty s
of the servo- positioner using a first-order lag element PT1:
positioner
Y 1
Y 1+ sT,
Note 1 to entry Ty can be calculated approximately from 7 :
Ty = Tm/Kpm, see 5.4.3.
3.6.18 time constant reciprocal value of the slope of the curve which represents T, s
of the servo- the servomotor velocity dy/dt as a function of the relative
motor position u of the last controlling valve
T 1
™ d(dy/dt)
du

Note 1 to entry For practical purposes T, can be calculated
by a linear approximation, see Figure 9.

This approximation is only valid within an interval

Ly 1
T, dt T,

because the velocity is limited outside of this interval

Y

u

IEC

Figure 9 — Time constants of the servomotor/servo-valve combination
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Sub- Term Definition Symbol Unit
clause
3.6.19 time constant reciprocal value of the slope of the curve which represents T, s
of the main the main control valve velocity dy /dt as a function of the
control valve relative position u, of the pilot valve
1
7 =——
d(dy, / dt)
du,

Note 1 to entry For practical purposes T, can be
calculated by a linear approximation (similar as in Figure 9

for 7).
3.6.20 servo- maximum possible change in the servomotor position which iy -
positioner can occur for a given constant value of the input signal of
inaccuracy the servo-positioner

SEE: Figure 10.

max
»
L

la

"/

A

53V

C

Figure 10 — Servo-positioner inaccuracy

Sub- Term Definition Symbol Unit
clause
3.6.21 proportional proportional gain (see 3.6.10) of the main control valve va -
gain main controller
control valve
controller
3.6.22 proportional proportional gain (see 3.6.10) of the servomotor controller Kpm -
gain
servomotor
controller
3.6.23 governing time interval between a specified change in speed or Tq s
system dead command signal and the first detectable movement of the
time servomotor
SEE: Figure 11.
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