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INTERNATIONAL ELECTROTECHNICAL COMMISSION

COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 7-510: Basic communication structure —
Hydroelectric power plants —

(E)

Modelling concepts and guidelines

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
hil national electrotechnical committees (IEC National Committees). The object of ,IEC/ is to pron
nternational co-operation on all questions concerning standardization in the electrical and‘electronic fields
his end and in addition to other activities, IEC publishes International Standards, ,Technical Specificati
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natienal Committee intere
n the subject dealt with may participate in this preparatory work. Internatiopal, governmental and i
jovernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates clo
vith the International Organization for Standardization (ISO) in accordance with conditions determined
hgreement between the two organizations.

The formal decisions or agreements of IEC on technical matters expréss; as nearly as possible, an internati
Consensus of opinion on the relevant subjects since each technical committee has representation fromj
nterested IEC National Committees.

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

n order to promote international uniformity, IEC~-National Committees undertake to apply IEC Publicat
ransparently to the maximum extent possiblesin~their national and regional publications. Any divergs
between any IEC Publication and the correspanding national or regional publication shall be clearly indicate
he latter.

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

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

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

ndispensablelfor the correct application of this publication.

Attention,is.drawn to the possibility that some of the elements of this IEC Publication may be the subjed
batent-rights. IEC shall not be held responsible for identifying any or all such patent rights.

The 'mdin task of IEC technical committees is to prepare International Standards. Howeve
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".
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Attention is drawn‘to the Normative references cited in this publication. Use of the referenced publications is

t of

F a

IEC 61850-7-510, which is a technical report, has been prepared by IEC technical committee
57: Power systems management and associated information exchange.
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The text of this technical report is based on the following documents:

Enquiry draft Report on voting
57/1143/DTR 57/1203/RVC

Full information on the voting for the approval of this technical report can be found in the

rep

ort on voting indicated in the above table.

Thi

Al
ang

S publication has been drafted Iin accordance with the ISO/IEC Directives, FPart 2.

st of all parts of the IEC 61850 series, under the general title: Communication netwog
| systems for power utility automation, can be found on the IEC website.

rks

Th¢ committee has decided that the contents of this publication will remain\unchanged until
the| stability date indicated on the IEC web site under "http://webstorefiec.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.

IMPORTANT - The 'colour inside' logo on the<cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
ungerstanding of its contents. Users should therefore print this document using a

co

our printer.

Ab

ilingual version of this technicalreport may be issued at a later date.
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INTRODUCTION

This Technical Report is connected with IEC 61850-7-410, as well as IEC 61850-7-4:2010,
explaining how the control system and other functions in a hydropower plant can use logical
nodes and information exchange services within the complete IEC 61850 package to specify
the information needed and generated by, and exchanged between functions.

The dynamic exchange of values by using polling, GOOSE, Reporting or Sampled Values is
beyond the scope of this report. This data flow is specified in the engineering work flow
defined in IEC 61850-5; this part of IEC 61850 applies also to applications in hydro power
plapts.
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COMMUNICATION NETWORKS AND SYSTEMS
FOR POWER UTILITY AUTOMATION -

Part 7-510: Basic communication structure —
Hydroelectric power plants —
Modelling concepts and guidelines

1 | Scope

This part of IEC 61850 is intended to provide explanations on how to use the Logical Nodes
defined in IEC 61850-7-410 as well as other documents in the IEC 61850 series to madel
complex control functions in power plants, including variable speed pumped”storage poyer
plapts.

IEG 61850-7-410 introduced the general modelling concepts of IEC 61850 to hydroeleciric
power plants. It is however not obvious from the standard how themodelling concepts can|be
implemented in actual power plants.

2 | Normative references

The following documents, in whole or in part, are normatively referenced in this document and
areg| indispensable for its application. For dated reférences, only the edition cited applies. fFor
undated references, the Ilatest edition of «\the referenced document (including any
amendments) applies.

IEG 60870-5-104, Telecontrol equipment.and systems — Part 5-104: Transmission protocols —
Nelwork access for IEC 60870-5-101.using standard transport profiles

IEG 61850-5:2003, Communication networks and systems in substations — Part| 5:
Cofmmunication requirements (for functions and device models

IECG 61850-6, Communication networks and systems for power utility automation — Parl 6:
Configuration description language for communication in electrical substations related to IE|Ds

IEG 61850-7-2, Communication networks and systems for power utility automation — Part -2:
Basic information and communication structure — Abstract communication service interface
(ACSI)

IECG 81850-7-3, Communication networks and systems for power utility automation — Part 1-3:

Ba hipvnammyininatingy ofriinfiirn Caomman data nlaconc
TGO roarncatrornr—StraCtor © SO o OataCraosto

IEC 61850-7-4:2010, Communication networks and systems for power utility automation —
Part 7-4: Basic communication structure — Compatible logical node classes and data object
classes

IEC 61850-7-410, Communication networks and systems for power utility automation —
Part 7-410: Hydroelectric power plants — Communication for monitoring and control

IEC 61850-8-1, Communication networks and systems for power utility automation — Part 8-1:
Specific communication service mapping (SCSM) — Mappings to MMS (ISO 9506-1 and
ISO 9506-2) and to ISO/IEC 8802-3
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IEC 61850-9-2, Communication networks and systems for power utility automation — Part 9-2:
Specific communication service mapping (SCSM) — Sampled values over ISO/IEC 8802-3

ISO/TS 16952-10, Technical product documentation — Reference designation system -
Part 10: Power plants

3 Overall communication structure in a hydropower plant

3.1 Abstract communication structure

Figure 1 is based on the substation structure described in IEC 61850-6. A typical power pi?nt
will include a “substation” part that will be identical to what is described in the IEC,61850
serjes. The generating units with their related equipment are added to the basic structure.

A denerating unit consists of a turbine-generator set with auxiliary equipment_and supporfing
functions. Generator transformers can be referenced as normal substation fransformers; there
is ot always any one-to-one connection between generating units and transformers.

The¢ dam is a different case. There is always at least one dam associated with a hydropoyer
plaht. There are however reservoirs that are not related to any¢spéecific power plant, equally
thefe are power plants from which more than one dam is being controlled. There can also|be
dams with more than one hydropower plant. While all other«bjects can be addressed throygh
a specific power plant, dams might have to be addressed directly.

River system

Unit (generating unit) Logical system

Y

Dam/reservoir

v v

Function*(common) Equipment

\A 4

Ly Hydro station Sub-function

Y
Y
Y

Transformer

A\ 4

Y

Voltage level

Y

Bay

IEC 333/12

Figure 1 — Structure of a hydropower plant

There is_however no standardised way of arranging overall control functions, the structure will
depend on whether the plant is manned or remote operated, as well as traditions within the
utilify That owns the plant. In order o cover most arrangements, some of the Logical Nodes
defined in this document are more or less overlapping. This will allow the user to arrange
Logical Devices by selecting the most appropriate Logical Nodes that suits the actual design
and methods of operation of the plant. Other Logical Nodes are very small, in order to provide
simple building blocks that will allow as much freedom as possible in arranging the control
system.

3.2 Communication network

Defining a station communication network is one of the primary steps for defining how the
logical devices will be distributed among IEDs. The decision of where to nest the logical
device is relative to the physical connection of an IED and the field instrumentation. Table 1
lists an example of physical devices used for control of a small hydropower plant.
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Table 1 — IED within a simplified single unit power plant

and Alarm grouping

Intelligent Description Example of types of logical Devices

electronic device nested in an IED

IED1 Intake valve controller Valve {A, B}

IED2 Turbine controller and speed governor Actuators, Controllers, Turbine information

IED3 High pressure oil system controller Tank, Pump A, Pump B

IED4 Generator monitoring system Phase Windings{A,B,C}, Eccentricity

IERS Excitation system 1 ngir‘nl device group. reference: I-'\’pglllnfi ,
Controls, Field Breaker, Protection

IED6 Bearing monitoring system Thrust bearing, guide bearing, and
generator bearing

IED7 Dam monitoring system Spillway gate{1,2} and dam

unit IED Unit acquisition and control Logical device group reference: sequences

Cdmmon IED Remote terminal unit Nil

Mgrging unit 1 Current- and voltage measurements at Merging Unit
generator

Merging unit 2 Current- and voltage measurements in MV Merging Unit

Mgrging unit 3 Current- and voltage measurements in HV Merging’ Unit

PROT1 T Primary transformer protection Rrotection, measurement

PROT2 T Secondary transformer protection Protection, measurement

PROT1 G Primary generator protection Protection, measurement

PROT2 G Secondary generator protection Protection, measurement
The following example in Figure 2 shows\a simplified network of a single unit power plant. The
IEDs exchange information and contfol commands using MMS (IEC 61850-8-1), send trip
commands via GOOSE messaging (fEC 61850-9-2) and get information instantaneous current
and voltage reading via sample<value (IEC 61850-9-2). The logical devices are distribufed
ampng IEDs along functional greupings. The information is pushed to the dispatch centre |via

ad

ta concentrator which is\the remote terminal unit using IEC 60870-5-104.
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Figure 2 — Simplified network.of a hydropower plant

3.3] Operational modes
A power plant can be operated in different modes: active power production mode| or

cornldenser mode. The generator can be*used as a pure synchronous condenser, without any
actjve power production and with the\runner spinning in air.

In @ pumped storage plant, there is a motor mode for the generator. A generator in a pumped
storage plant can also beused for voltage control in a synchronous condenser mode, in fthis
cade normally with an empty turbine chamber.

The following steady states are defined for the unit:
Stdpped — Unit'is at standstill

Speed a6 load, not excited — No field current is applied, no voltage is generated; the
generator is running at rated speed but not connected to any external load.

Speed no load, excited — Field current is applied and a voltage is generated, the generator is
however not connected to any external load, there is no significant stator current.

Synchronised — The generator is synchronised to an external network. This is the normal
status of an operating generator.

Synchronised in condenser mode — The generator is synchronised. However it does not
primarily produce active power. In condenser mode, it will produce or consume reactive
power.

Island operation mode — The external network has been separated and the power plant shall
control the frequency.
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Local supply mode — In case of a larger disturbance of the external network, one or more
generators in a power plant can be set at a minimum production to provide power for local
supply only. This type of operation is common in thermal power plants to shorten the start-up
time once the network is restored, but can also be used in hydropower plants for practical
reasons.

3.4 Fundamental control strategies

The control of hydropower plants can follow different strategies, depending on the external
requirements put on the operation of the system.

Speed control in isolated mode:

ThL purpose of the speed control basically is to maintain constant frequency: For mpre
dethiled description, see IEC 61362.

Aclive power control:

The active power output control with a separate power controlleris* applied with the dnit
connected to the grid. For more detailed description, see IEC 61362.

Reactive power control.:

Reactive power control includes voltage and powet) factor control. This can incldde
syrlchronous condenser mode without active power-gutput, but also added to active poyer
production.

Water flow control:

In this type of control, the power production is roughly adapted to the water flow that is
avgilable at the moment. The rate of flow is controlled while the water level is allowed to vjry
betiween high and low alarm levels~in' the dams. The dams are classified after the time ojer
which the inflow and outflow shall'add up (daily, weekly, etc.).

Wdter level control:

In $gome locations, thére are strict limits imposed on the allowed variation of the water leve] of
the| dam. This might.be due to maritime shipping or by other environmental requirements| In
thig case, the upper water level of the dam is the overriding concern; power production is
adjusted by thétwater level control function to provide correct flow to maintain the water levgl.

Cakcadescontrol:

In tivers with more than one power plant the overall water flow in the river is coordinated

between plants to ensure an optimal use of the water. Each individual plant can be operated
according to the water level model or the water flow model as best suited, depending on the
capacity of the local dam and allowed variation in water levels. The coordination is normally
done at dispatch centre level, but power plants often have feed-forward functions that
automatically will notify the next plant downstream if there is a sudden change of water flow.

Power plants with more than one generating unit and/or more than one dam gate can be
provided with a joint control function that controls the total water flow through the plant as well
as the water level control.
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3.5 Hydro power plant specific information

Different devices handle active and reactive power control. The turbine governor provides the
active power control by regulating the water flow through the turbine and thus the pole angle
between the rotating magnetic flux and the rotor. The excitation system provides the reactive
power control by regulating the voltage of the generator. The magnetic flux shall correspond
to the shaft torque to keep the generator synchronised to the grid.

Figure 3 shows an example of an arrangement including a joint control function. The set-
points will be issued from a dispatch centre and could be one of three optional values.
Therefore—thetypeof set-pointthat will be used depends—on-the water control- mode-that is

usgd for the plant.

> Active power set-point

Water flow set-point

> Water level set-point

Power production \ 4 A 4 A 4

from metering > Joint power plant <

» control
I <

]
\ 4 \ 4
Dam gate Governor
control control
Calculated Calculated
Upper water watefflow water flow
level

Lower water
level
.\%

IEC| 335/12

Figure 3 — Principles for the joint control function

In LAdoST Uf d IUQCIVU;I vv;thuut dlly MUWCTI pluduut;un, thc VthUI bUIItIU: fullbt;Ull VV;“ 9ct he
water control set-points from a dispatch centre; in case of a power plant, it will be normally
the joint control function that sets the values. The set-point will be either water level or water
flow set-points.

The total water flow is the sum of flow through turbines and gates. The turbine control system
can, due to this, be provided with different set-points for the control.

e Water flow set-point. The control system will base the regulation on the given water flow
level and try to optimise the production.

e Active power set-point. The control system will try to meet the active power, the water flow
will be reported back to the overall water control system.
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e Active power control with speed droop. This is the mode when the unit is contributing to
the network frequency control. The active power set-point is balanced over the speed
droop setting to obtain the desired power/frequency amplification.

e Frequency set-point. In case of an islanded system or a power plant in peak load duty, the
active power will be controlled to exactly meet the demand. This control mode is also used
during start-up of the unit, up to the point when the generator is synchronised. Water flow
will be reported.

Intake gate Water flow set-point

\ 4

Net head
calculation

A

Water level at intake

\ 4

A 4

Turbine
water flow
control

A

\ 4

Water flow

\ 4
Guide vane control

}00)}suad

Ii Lower water level
Under-pressure I

Tailrace

Main inlet
valve

IEC| 336/12

Figure 4 — Water flow control of a turbine

Figure 4)shows an example of water flow control for a turbine. Direct measurement of fhe
wafer flow, as indicated in the figure, is less common. The flow is normally calculated, usjing
the net head, the opening angle of the guide vanes and a correlation curve.

Main inlet valves to shut off the turbine chamber are used for pumped storage plants and
power plants with high penstocks.

It is important to differentiate between the water levels of the dam and at the intake. Due to
the intake design or if the turbine is running close to rated power, the water level at the intake
might be considerably lower than the average for the dam.

The measurement of under-pressure below the turbine chamber is a safety measure, to
ensure that the operation of the guide vanes does not cause any dangerous conditions in the
tail-race part.
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4 Structuring control systems

4.1 Basic use of logical nodes

To fulfil all the requirements, functions are decomposed into logical nodes. Refer to Clause 9
of IEC 61850-5 for more information about the logical node concept.

The introduction of additional structures such as logical devices which are composed of
logical nodes is not an application requirement, but may be helpful for the modelling.

In prder to identify the purpose of a Logical Node with a more general name, a suffix |for
identification can be added. The limitation is that the sum of characters for prefix and\suffix
shgll not be more than 7. For use in hydropower plants, the recommended logical ng¢de
preffixes are listed in Table 2.
Table 2 - Recommended LN prefixes
Name / description of Recommended LN
function prefix

Active power W_

Actuator Act_

Current A_

Close C_

Deflector Dfl_.

Droop Brp_

Flow Flw_

Frequency Hz_

Guide vane Gv_

Level Lvl_

Limiter Lim_

Needle NdI_

Open O

Position Pos_

Power factor Pf_

Pressure Pa_

Reactive power VAr_

Runner blade Rb_

Speed Spd_

Temperature Tmp_

Unit Unt_

Voltage V_

The prefixes in Table 2 are only recommendations, the user may decide on another method to
identify the purpose of logical nodes for control functions. If a more specific definition is
required, e.g. if a flow control function is intended for water flow or oil flow, this should be
identified by the logical device name-string.

4.2 Logical device modelling

The basic standard of IEC 61850 does specify the Logical Node as the highest-level object
that has a formal structure given by the standard. However, Logical Nodes shall be
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assembled in Logical Devices. The formal definition of a Logical Device is given in the
standard; the user is though free to select any combination of Logical Nodes that suits the

pur

pose.

As a simple example, we can start by looking at e.g. a pressurised oil system group
reference, used to provide initial lifting power to a vertical turbine-generator shaft.

Typically, the system would include an oil tank, a pump, various valves and oil filters. It would
also include the thrust bearing, maybe an oil sump and a number of sensors for temperature,
pressure, level and other things.

First we define a logical device group reference, or higher-level Logical Device witha“LPHD
and LLNO logical node to form a container for addition of logical devices.

Lpgical device group reference <plant>_<unit>_PresOQOil

LPHD

LENO
Logking at the complete name-string, the device name would start with the power plant name,

the|

Thi
oil

tha
als
coV
adq
fun

L

generating unit name, followed by the system name; in this case “PresOil”.

System.

Thaﬁ first device may be the oil tank. There is a-Logical Node KTNK (in IEC 61850-7-4:20(10)
covers part of the functionality. KTNK only“returns information about the level, we might

s shall then be filled with the various logical devices that are required in order to create the

ogical Device Suffix Tnk

LLNO
KTNK
TPRS1
TPRS2
TTMP
TLVL

D be interested in the temperature and.the pressure, so we create a logical device that
ers, beside the tank, also two pressure sensors, one temperature sensor and ¢ne
itional level sensor. A logical device shall also include Logical Nodes for common
ctions e.g. LPHD and LLNO. The logical device would then be:

Since there are two temperature sensors, they shall|be
differentiated by use of instance numbers.

An alternative naming could be to use a prefix in fron{ of
the logical node name. The complete name-string could
now be e.g. <Plant>_<Unit>PresOil_Tnk_TPRS1 for fthe
first pressure sensor.

The same method should be used for the pressure pump.
The Logical Node for a pump, KPMP, does only report the
rotational speed. For control, we might also add a motof, a

ffow—sensor—as—wet—as—am oit—fitter —and—at—teast—one
temperature sensor.

In an actual application, there could be more temperature
sensors, e.g. one for the motor, one for the pump and one
for the oil.

The filter Logical Node includes a measurement of
differential pressure over itself. If it is important, pressure
sensors could be added before and after, otherwise the
basic information is available.
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A more tricky issue is the thrust bearing. IEC 61850-7-410 includes a logical node for the
bearing, however this could be seen as either part of the oil system or as part of the generator
shaft system.

Since any specific instance of a Logical Node only can have one address string, we shall
select one Logical Device where it should belong. In this case, we assume that HBRG
belongs to the shaft system and not the oil system.

We may though still create a Logical Device within the oil system that represents the bearing,
but includes only the related sensors, e.g. temperature in and out, flow and pressure but not

the[bearing itself. Tf we also add a Logical Device for a confrol valve, the oil system would et
thig final form (see Figure 5a).
Sinlce the logical devices names size does not exceed 5 characters, then it is preferablg to
usg a LN prefix naming structure to reduce the complexity of the logical, device. $ee
Figure 5b.

Lpgical device group reference <Plant>_<Unit>_PresOQOil

LPHD

LENO i e

' ILD suffix Tnk LD suffix Pmp i LD suffix Brg i LDssuffix VIv |

I LLNO LLNO 'l LLNO i (LNO :

| KTNK KPMP | TTMP1 1 KVLV :

i TPRS1 ZMOT | TTMP2 | TPRS i

1| TPRS2 KFIL i TFLW | TTMP :

Hl TTMP TTMP 1| TPRS i :

TV TFIW ! : :

IHC 337/12
Figure 5a — Pressutrised oil system with LD suffix
Logical device <Plant>_<Unit> PresOil
LPHD
]
| LN prefix Tnk LN prefix Pmp LN prefix Brg LN prefix VIv
'l KTNK KPMP TTMPA1 KVLV
| [TPRS1 ZMOT TTMP2 TPRS
| TPRS2 KFIL TFLW TTMP
| TTMP TTMP TPRS
| [TLVE TFLW
IEC 338/12

Figure 5 — Pressurised oil systems with LD suffix and with LN prefix

Figure 5b — Pressurised oil system with LN prefix
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4.3 Example of application for an excitation system
4.31 General

Figure 6 shows an example of functional blocks of an excitation system, with typical logical
nodes that can be used within each functional element.

Excitation System

Regulation Field breaker
Avr _Automatic voltage regulator Xfbc Fieldbreaker control
PID Regulator FPID Fieldbreaker config. RFBC
Set point control FSPT
. Fieldbreaker CSWwWI
Afcr Field current regulator ' XCBR
PID Regulator FPID o
Set point control FSPT Field isolator ‘):(SSVV\\IIII
Manual restrict FXUT
(Rotor protection) PRTR
Afwu Follow up & Crowbar
PID Regulator FPID Affc Start excitation (field flash ctrl)
Field flashing XFFL
Apss Power system stabilizer
PSS control APSS
Converter
PSS 2A/B filter APST IEEE 2A/B Zthc/ﬁ@ristor control
- Conyerter ZCON C'onver'ter
PSS 4B filter APSF |EEE 4B configuration
I|-Semi cond.ctrld rect. ZSCR | Converter
. .. I module 1
Fexc Excitation limiters

PID Regulator FPID (Field current .
Fixed set point FXOT Acsc Cooling system control
PID Regulator FPID |Stator current Fan KFAN | Fan control 1
Fixed set point FXOT
Temperature
PID Regulator FPID 6 Temperature sensor TTMP sensor 1
Fixed set point FEXUT
- Temperature
PID Regulator FPID Min. field Temp. supervision  STMP supervision 1
Fixed set point FXUT current
Arpr Reactive,power regulator CvProt Converter protection
PID Regulator FPID Thyristor protection ~ PTHF pro-tr:gtirfrto{
Set point ctlr, FSPT
Arpdr« Discharge regulator Protection
RIB:Regulator FPID Prot Protection functions
Set point ctlir FSPT
| Prot. trip conditioning PTRC | Group faults
II_\\PfI Pewerfactor |Guu:atu| i Trans.Earth FIt PTEF i Earth raun
gg Fi:,?tu (I;Itror :SP;E.:. Instant. overcurrent  PIOC Exc.transf.
P Time overcurrent PTOC protection
- | Thermal overload PTTR | Rotor temp.
ReQU|atlon control | Time overcurrent PTOC | Overcurrent

i PQ (under-
Mode Control mode setting | Directional underpwr. PDUP | ex(c rot
itati i Auto mode - prot)
Excitation regulation ACTM
selection | Volts per Hz PVPH | Volts per Hz
Excitation regulation ACTM | Man mode | Overvoltage PTOV | Overvoltage
selection

IEC 339/12

Figure 6 — Examples of logical nodes used in an excitation system
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For practical purposes, the excitation system will be divided in a number of Logical Devices
that can be addressed and handled separately.

The division into functional blocks (Regulation, Field breaker, Converter and Protection), as
well as in Logical Devices (Avr, Afcr,...) as represented on Figure 6 is only informative and
may be interpreted in different ways. The following alternatives may be considered:

Different assignment of Logical Devices to the functional blocks, e.g. Affc may be part of

Converter instead of Field breaker.

Different division between the Logical Devices, depending on different regulation models,

e.g. automatic mode LD and manual mode LD, each covering regulation loops and-th
limitations.

Different scaling of the LD's, e.g. the functional blocks may be used as LD's itself.

eir

Talble 3 gives a non-exhaustive example of how this can be done for a larger excitation

sy§
cer

tem. The notation {inst} means that there might be more than one logical device o
tain type. A number shall replace the {inst} if instantiation is used.

Table 3 — Logical device structure

f a

Logical device Functionality
name
Avr{inst} Automatic voltage regulator
Arpr{inst} Reactive power, regulator
Apfr{inst} Power factor’regulator
Afcr{inst} Field current regulator
Apss{inst} PSS
Aut{inst} Automatic control mode
Man{inst} Manual control mode
Boost{inst} Boosting function
Fexcl{inst} Excitation limiter
Flux{inst} Flux limiter (volt /hertz limiter)
Fstcl{inst} Stator current limiter
Arpdr{inst} Discharge regulator
Affc{inst} Start excitation (field flash
control)
Xfbc{inst} Field breaker control
Zthc{inst} Thyristor control
Acsc{inst} Cooling system control
CvProt{inst} Converter protections
Prot{inst} Protection functions (general)
lalm{inst} Alarm handling
Meas{inst} Electric measurements
Texc{inst} Excitation transformer
Aseq{inst} Start-stop sequence
Irec{inst} Fault and event recording
Ggio{inst} I/O cards

Figure 7 is an example for the functional structure of the regulation part of an excitation
system. The coloured parts represent logical devices.
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LD: Meas

Measuring
Generator

LD: Apfr PF regulator

BOTVam—C

T

PID-Filter =
H &
Set point N/ I

-21-
LD: Avr AVR H Max. Gate
Set point % PID-Fiter | || Mi"ﬁa'e | >
_/ R
A

A A

Measurng
Excitqr

LD: Affc Start excitation

Ug

LD: Flux V/Hz Limiter

AUg EZJ

LD: Apss PSS

PSS 2B

LD: Fexc exc. limiter

PID-Filter Limiter
AP /] :H—»
éa:;

PID-Filter Limiter
Set point _/ :H:

i

LD: Afwu Follow|up

°

PID-Filter
N/

IL

LD: Afcr Field current regulator

Set point

v

PID-Filter

e

NOTE , Standard IEC 61850 generally allows

reading and writing parameter settings using the
intefface. From practical point of view, writing parameters using the |IEC 61850 interface will not be allo
Thefefore, the following examples show settings as read only signals.

Figure 7.=Example of logical devices of the regulation part of an excitation system

IEC 61

IEC 340/12

850
ed.
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4.3.2 Voltage regulation example

Figure 8 shows an automatic voltage regulator.

Excitation function

IEC 61850 Interface

Set point PID-Filter
ya (SH~_

LN FSPT

ommon LN information

Auto, SptDvAIm, SptUp, SptDn, SptDir, SptEndSt, AdjSt 1

Sgettings MaxRst, MinRst, DvAIm, DeaB 1 I QJQ),
LN FPID ,\Q)
Jommon LN information I @
| £ Q
t. N\
Settings PidAlg, Kp, Ki, IntgTmms, Kd, DerTmms, DerFilTmms, Bias )
s\ IEC 341412
O

Figure 8 — AVR baQQegulator

N\
Figure 9 shows a power factor regulator. S\Q\

Z
)
IEC 61850 Interface ®$ Excitation function
N LD: Apfr PF regulator
& = O
LN FSPT \\C}‘ i }.—‘ I
Qommon LN information O

atus Information Auto, SptDvAIm, SptUp, SptDn, SptDir, SptEndSt, AdjSt

ettings O MaxRst, MinRst, DvAIm, DeaB
N

LN FPII()V‘

g n LN information

Settings PidAlg, Kp, Ki, IntgTmms, Kd, DerTmms, DerFilTmms, Bias

IEC 342/12

Figure 9 — Superimposed regulators, power factor regulator
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Figure 10 shows an over-excitation limiter.

IEC 61850 Interface

LD: Fexc exc. limiter

Set point

i

©

PID-Filter Limiter

AP

LN FXOT
Common LN information
Ytatus Information Op
Settings StrVal, OpDITmms, StrCrv, RsDITmms
LN FPID
Gommon LN information
Measured Values Out, PAct, IAct, DAct, PropOut, IntgOut, DerOut, ErrTerm
Yettings PidAlg, Kp, Ki, IntgTmms, Kd, DerTmms, DerFilTmms, Bias

Figure 11 shows an under-excitation limiter.

IEC 61850 Interface

Excitation function

Figure 10 — Superimposed regulators; over-excitation limiter

IEC 343(12

LD: Fexc exc. limiter

©

PID-Filter Limitgr

Qp1
Qpz
Qpd
QP4
o)
|

LN FXUT

Gommon LN information

Status Information Op

Hettings StrVal, OpDITmms, StrCrv, RsDITmms
LN FPID

Gommon LN‘information

N eas@/ames Out, PAct, IAct, DAct, PropOut, IntgOut, DerOut, ErfTerm

/
Yettings PidAlg, Kp, Ki, IntgTmms, Kd, DerTmms, DerFilTmms, Bias

Figure 11 — Superimposed regulators, under-excitation limiter

IEC 344/12
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Figure 12 shows a follow up.

IEC 61850 Interface

LN FPID

Measured Values

Common LN information

Out, PAct, IAct, DAct, PropOut, IntgOut, DerOut, ErrTerm

Excitation function

LD: Afwu Follow up

PiD-Filter || =
p—va ful

Wi

Settings

PidAlg, Kp, Ki, IntgTmms, Kd, DerTmms, DerFilTmms, Bias 1«

Figure 12 — Superimposed regulators, follow up

4.3.3 PSS example

Figure 13 shows a power system stabilizer function.

I[EC 6185C Interface

Excitation fungtion

LN APSS

Gommon LN information

LD: Apss PSS

PSS 2B

Y

Status Information BlockPss g |
~
Measured Values (\Q ActUg, ActP !
N

Jettings PreSelPss, MinP, MaxUg, OnDelay, MinUg, UglntTime e =
LN APST |

Gommon LN information

Gontrols ‘\\C)‘ InDw, InPe !

Ch

§tatus Information VsiMaxLim, VsiMinLim, VstMaxLim, VstMinLim !

Measured Values ,.O: ActPe, ActDw, ActTp, ErrTerm i

d ettings T1Tms, T2Tms, T3Tms, T4Tms, T10Tms, T11Tms, Ks1, T8Tms,

Ny T9Tms, N, M, Ks3, T7Tms, Ks2, TwTms, ScaleDw, ScalePe" |

Figure 13 — Power system stabilizer function

IEC 3§6/12

The standard includes three logical nodes that can be combined to represent a PSS function:
RPSS that provides general information, RPST that represents a IEEE 2A/B filter and RPSF
that represents a IEEE 4A filter. In Figure 13 above, only the 2A/B filter is shown.

IEC 345/12
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4.4 Example of application for a turbine governor system

4.41 Conditions of this example

The example is based on a minimum signal list on which everyone can agree, consisting of

datapoints that are absolutely necessary for operating a turbine governor. In additi
consideration has been made to enable extension to other projects:

e no fixed definition of used controllers,

on,

ata

e clear separation of the control algorithm from the operation conditions and the d
acquisition.
N
The following assumptions have been made. (19

e [Francis turbine with one single actuator (only one position indication). In ca e\gindivid
wicket gate control, individual position can be added and threshold §{, iated to
actuators are being managed by internal data of the turbine governor;

/

e |single turbine governor (no redundant signal or system); 93
e [communication with a HMI (Human-Machine Interface) is not incl@d.

4.42 Signal hierarchy &Q‘

Figure 14 shows a signal hierarchy. \Q/C)
LN

ual
the

c
=

OpSt (ENS)

Blocked from operation (disabled)

Stopped (needs control sequence to start)

Starting (start-up in progress)

Auxiliaries started {for pump turbine operation)
Generator running (speed no load, not excited) 0
Generator energised (speed no load, excited) \Q
Synchronised, normal operation

Stopping (shut-down in progress) $
Creeping (slow movement) ‘\Q

= Ready for start (at stand-still) A\

| 1 I T

=D 00 N AW -

=]

Y

OpMod (ENS) C)
1 9 Generating m%v
2 9 Synchrono denser mode
(for pumped storage)
ode (back-to-back starting of another unit)

rstarty

4 = Local supply

GridOpSt (ENS)

1 = Normal conditions (no disturbance)

2 = Disturbed (abnormal frequency and/or voltage level)
3 = PSS control

IEC 347/12

Figure 14 — Signal hierarchy

The HUNT LN communicates the actual state of the grid and the desired operation mode to
the turbine control. In dependency on these states the actual governor (power, opening, flow,

level or speed) and the correspondent parameter set are selected.
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.3 Basic overview

(E)

Figure 15 shows the typical functional blocks of a turbine governing system, from the
communication point of view, and by considering the example of a Francis turbine.

Detailed block descriptions of the used logical nodes will be given in 4.4.4.

As mentioned in 4.4.2, the general structure is based on the allocation of the different signals
to be exchanged, among 3 main logical devices, which are interacting:

Table 4 gives a non-exhaustive example of how logical device{ifames can be defined fo

tur
de

Co
car
wa
the
parn
fre

Fin
act]

Fig

4\ 1 H T Y H A g % N, 4 H | o HH fdla H | 4 4 ol
) Luyitdl UTVILT  ALIUAlUTSs . TU TTTallirty CUTIUVETTTS T PJUSTUUTT UT T WILATLU yalc, drilu

corresponding failures of the positioning circuit.

2) Logical Device “Turbine information”: it mainly concerns the different operating-mo
of the turbine (e.g. start / stop, synchronous condenser mode,...) and the“differ
hydraulic variables (e.g. water levels and flow, penstock pressure,...).

of different single controllers (speed controller, power controller), which are interacti
the output signal of this combination is then limited by the black’“Limitation”, ang
finally acting as a command signal for the actuators.

bine control system. The notation {inst} means that there/might be more than one log
ice of a certain type. A number shall replace the {inst} ifinstantiation is used.

Table 4 — Logical device names for functions

Logical device Fanctionality
name
Act{inst} Actuators
Contr{inst} Controllers
TrbInf{inst} Turbine information

ncerning the controllers block-(in red colour), and according to IEC 61362, some controll
be made inoperative: fornexample, the level controller will be made inoperative when
er level control is not required, or operated by the joint power plant control. Furthermg
global control structure using a combination of such controllers can be either a series @
allel structure: foryexample, the power controller and the speed controller, linked by
jluency power droop.

ally and-génerally speaking, the logical node HGOV, as shown in the following figu
vates all-these controllers.

ure 15 shows the use of Logical Node HGOV.

he

les
ent

3) Logical Device “Controllers”: it mainly includes a large block made up 'of a combinatjon
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LD: Actuators

McvGdv_HVLV

LD: Controllers

o
o
|=
bl
»
)
—
=

Opn_HGOV

Gdv_HTGV

Pwr_MMXU

Tw HLVL Unt_HNHD

Unt_HWCL
Hw_HLVL

Unt_HSPD

Pwr_FSPT1

Pwr_HGOV

[ m

Pwr_FSPT2

@
=

0
P

Nl

Limitation
Opnlim £
T

Q-

L— Min.
Gate

I
=

T
w
el
=
=

Flw_HGOV

Flw_FSPT2

BEE

Lev_HGOV

(8:';

Spd_FSPT

I

Spd_GGIO

PwrLim_FS
PT

e

W
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4 Detailed description of used structure

The following is a detailed block description and ideas behind the used LNs.

Use of quality information (xxx.q) for indication of fault in the device, control loop errors is
handled separately.

Some controllable settings are only set internally.

ata

In
any
av4

An
etc
“fai
Co
the|

defthiled information on the quality information in IEC 61850-7-3.

h ol aoaieal lndac madal
communication partner. Only the information, which is
ilable at the Logical Nodes and can be used to monitor and control the governor.

P

P A A IEC 819EN to
g data a—+EG-64854
e r d i

”

kind of information that describes the state (quality), like “good”, “invalid”, ‘questionable”,
, is mapped to the attribute of the information it belongs to. For example, the informatjon
lure signal” is mapped to the DataObjectName “q” of the type “Quality” in the usged
mmonDataClass. This is done only for the CDC’s MV and APC. All analegue information in

se CDC’s are based on floating point values and not on integer ,valies. Please see fhe

The¢ Logical Nodes are identified and selected by their main functionality. To describe the

ad
red
infd

At
the

ised function of a LN, the prefix is used. The use of general LN’s like GGIO should|be
uced to its minimum. This general LN type represents only some not assignable
rmation.

he Logical Device “Turbine Information” the pcefix “Unt” or “Pwr” is used to point out that
LN is unit related. To describe a plant related LN, the prefix “Hw” or “Tw” is used, $ee

Talple 2 above. Governor wide information or*Centrol is done by the LN HUNT located in this

LD
ang
(ad
the

For example, this includes the local/remote control location. For serving the water flow
penstock pressure information, the LN HWCL is used. All required electrical information
tive power, frequency) are inside thé&integrated LN MMXU. The used GGIO only displays
summary information of secondary-signal failures. Figure 16 shows a governor control.
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Figure 16 — Governor control
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The behaviour of the Governor is controlled by the LN’s inside the LD “Controllers”. Except
the “activation of the frequency influence” and the “information of acting on actuators”, the LD
contains all of the control modes and the output limitation. All process related information
used in the LD “Controllers” is provided by the LD “Turbine Information” and the feedback
information of the guide vane by the LD “Actuators”. The control modes are structured all in
the same way, to ensure that each control mode can act independent of all others. Generally
each control mode consists of up to two set points. The selection of the actual used set point
is done via the LN HGOV. The actual used set point at this LN FSPT is forwarded to the
DataName “Out” and “SptMem”. The LN HGOV is also used for specifying the Droop,


https://iecnorm.com/api/?name=047f42286806229747b282f4580ff4fb

— 30 -

TR 61850-7-510 © IEC:2012(E)

activating a control mode and serving the unlimited output of each control mode. Figure 17
shows a flow control, Figure 18 shows a level control, Figure 19 shows a speed control.

IEC 61850 Interface

Power/Opening/Flow control

30 Control
LN FSPT wx_FSFT
Common LN information J || Js" —|_ ¥ i HGON
CComols s A
Status Information i ’_ [y
Messwedvaes  spmenou [* Q!
$ettings t : l(/b.\
L FSPT (C)\Q
ommon LN information ,
@Q'«
tatus Information >
N
‘ ©
Fettings & -
LN HGOV g\\Q/
Common LN information g

tatus Information

Bettings \"Q Droop, Par{inst}
&
éﬁure 17 — Flow control
X
O
o

IEC| 350/12
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set via the LN FSPT at the DataName “SptVal” or with an internal calcula
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Figure 20 — Limitations &Q‘

The¢ set point “PosSpt” for the guide vane control LN HTG%@A the LD “Actuators” is provided
by the LD “Controllers”. From the main control valve o status information are availablg at
the|] LN HVLV. Figure 21 shows an actuator control.
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Figure 21 — Actuator control
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4.5 Examples of how to reference a start / stop sequencer of a unit

4.51 General

The examples are for a simple turbine generator unit with an intake gates and no inlet valve.
The guide vanes are equipped with servomotor locks and the unit is supplied with a
lubrification unit and brakes. The generator is cooled by a cooling fan.

There are several different tripping strategies widely used as common practice today
depending on a combination of different tripping criteria, different servomotor shutdown

init ating devices and the (‘nrrpqpnnding sequence of ’rripping actions

Th¢ example below is widely used in the hydro community (see Table (CC.2
IEG 61362:2012); a second widely used strategy is described in Table C.1 of IEC 61362:20

4.52 Unit sequences definition with IEC 61850

Ea¢h unit sequence is defined by a “HSEQ” LN and it is included in a¢dedicated LD. Al
them are grouped together in a group reference LD called “SEQ” (unijt*start-stop sequenc

Only the “SEQ” group reference logical device will have the LLNO @nhd LPHD logical nod

Figure 22 shows a sequencer overview.

of
12.

Br).
es.

1 Starting sequence from state stopped to state
speed no loadmet excited

2 Starting seguence from state speed no load not
excited to state generator

3 Stopping sequence from state generator to state
speed-fno load not excited (grid faults)

4 Shutdown sequence from state generator to state
stopped in case of normal shutdown

5°Shutdown sequence from state generator to state
stopped in case of quick shutdown (mechanical
faults)

6 Shutdown sequence from state generator to state
stopped in case of emergency shutdown (electrical
faults)

IEC 355/12

Figure 22 — Sequencer overview

Table 5 summarizes the most common specified names for the LDs which are including the

‘HSEQ” LNs.
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Table 5 — Typical sequences

4.5

The¢ starting sequence from ‘a-state “stopped” to a state "speed no load not excited’

act]
cor
op4

Logical Device Function

MstStr Master start relay (starts necessary auxiliary equipment)

EmgStop Fast (emergency) shutdown Sequence

FastLdStop Fast offloaded shutdown Sequence

Gen Generator

GenStr Generator start Sequence

GenCndStr Generator condenser mode start Sequence

GridFaultStop Grid fault stop Sequence

LinChaStr Line charging start Sequence

NormalStop Normal Shutdown Sequence

PmpBtbStr Pump mode start with back to back Sequence

PmpSfcStr Pump mode start with SFC Sequence

PmpCndBtbStr Pump condenser mode start with back to back Sequence

PmpCndSfcStr Pump condenser mode start with SFC Sequence

SftStr Soft start Sequence(raising voltage slowlysxconnected to
transformer)

SnlExcStr Speed no load excited Sequence (running at normal speed
with excitation on)

SniINexStr Speed no load not excited-S€quence (running at normal
speed without excitation)

QuickStop Quick Stop Sequence

LocSrvStop Offload to local service operation Sequence

3 Start sequence from a staté’S'stopped” to a state "speed no load not excited”

(included in LD named “SEQ_SnINexStr”)

is

vated from an operator.ofder only if the unit is in the state stopped and if the starting initial

ditions are present. At\the end of each step and if the step by step mode is selected,

rator validation is necessary to activate the step N+1.

an

The¢ sequence (start sequence up to "speed no load not excited" state) may be broken dgwn

intq

the following'steps:

Step 1:\Starting of the unit auxiliaries (cooling system, oil station, ..
the feedback of the unit auxiliaries started is not present. A timer is necessary to con

.). Step 1 is valid w

hile
frol

the’ length of step 1. In case of step 1 too long length, the quick shutdown sequenceg is

aufnmnfir‘nlly activated
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SO SEQ_SnINexStr/HSEQ.StpPos.stVal = 0
—SEQ_SnINexStr/fHSEQ.SeqCmpl.stVal = false

SEQ_SnINexStr/HSEQ.StrCmd.ctlVal = true & ' start order

GEN/HUNT.ReqSt.ctlVal = 2 & ' Operator requests Speed no load not excited
—+—— SEQ_SnINexStr/HSEQ.PreSeq.stVal ' Prestart conditions satisfied (ex.: Intake open, brakes
' released, no lock out protection)

S1 SEQ_SnINexStr/HSEQ.StpPos.stVal = 1

HSEQ_ MstStr/HSEQ. StrCmd.ctiVal = true 'start auxiliaries
GEN/HUNT.UntOpSt.stVal = 3 'unit starting
GEN/HUNT.UntOpMod.stVal =1 'Generation mode
GEN/HUNT.ReqgSt.stVal = 2 ‘speed no load, not excited

—1+—— SEQ_ MstStr/HSEQ.SeqCmpl.stVal

Step 2: Releasing of the unit locks (locks on the wicket(gates). Step 2 is valid while fthe
feedback of the unit locks released is not present.-A timer is necessary to control the
length of step 2. In case of step 2 too long length, the quick shutdown sequencq is
automatically activated.

S2 SEQ_SnINexStr/HSEQ.StpPos.styaly= 2

—| SEQ_ MstStr/HSEQ. StrCmd.ctlValr= false ‘if required by the implementation
TUR/HTGV.SMLkdCIs.ctlVal=Aalse 'unlock servomotors
GEN/HUNT.UntOpSt.stVal =4 'Auxiliaries started

NOT TUR/HTGV.SMLkdCIs stVal 'servomotor unlocked

Step 3: Runnipg-oef the unit (managed by the speed regulator). Step 3 is valid while fthe
feedback of ¢he’start excitation unit speed is not present. A timer is necessary to confrol

the lengthyof step 3. In case of step 3 too long length, the quick shutdown sequence
(sequence-5) is automatically activated.

At the'end of step 3, the state "speed no load not excited" is reached.
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4.5

S3 SEQ_SnINexStr/HSEQ.StpPos.stval = 3
—| TCT/GAPC.SPCSO01.ctlVal= true 'turbine start order
TCT/GAPC.SPCS01.stVal &
———— SPH/HSPD.SpdSyn.stVal 'Turbine started and synchronous speed
SZ SEQ_SnINexSt/HSEQ. StpPos.stval = 4

| [SEQ_SnINexStr/HSEQ.SeqCmpl.stVal = True 'state condition reached
GEN/HUNT.UntOpSt.stVal =5 'speed no load not excited

L4 Start sequence from state “speed no load not excited” to state “generation”
(included in LD named “SEQ_SnIExcStr” and “SEQ_GenStr”)

Th

start sequence from state “speed no load not excited® to “state generation”
aufomatically activated if an operator from the state requested the state generator stopp

is
ed.

After a grid fault and an automatic return from the state gengration to the state "speed no Ipad
nofl excited", the present starting sequence is also activated.from an operator order if the grid

fau
ste

b mode is selected, an operator validation is necessary to activate the step N+1.
The¢ sequence (starting sequence up to "generation" state) may be broken down into
bwing steps:

foll

t is acknowledged and not present any more. At the_end of each step and if the step

Step 1: Starting of the excitation system. Step 1 is valid while the feedback of the

voltage equal to 90 % of the nominalvoltage is not present. A timer is necessary to con
the length of step 1. In case of\step 1 too long length, the quick shutdown seque

(sequence 5) is automatically activated.

At the end of step 1, the state "speed no load excited" is reached.

SEQ_SnlExcStr/HSEQ.StpPos.stVal = 0

S0 SEQ. SnIExcStr/HSEQ.SeqCmpl.stVal = false

(SEQ_SnIExcStr/HSEQ.StrCmd.ctlVal = true & ' start pulse for speed no load excited
GEN/HUNT.RegSt.ctlVal = 3) or ' Speed no load excited
(SEQ_GenStr/HSEQ.StrCmd.ctlVal & ' start pulse for generating
GEN/HUNT.RegSt.ctlVal = 4) ' operator requests Generating

by

the

nit
rol
hce

ST SEQ_SNIEXCSITHSEQ.SipPos.stval = 1

| EXT/GAPC.SPCSO01.ctlVal= true 'start excitation
GEN/HUNT.UntOpSt.stVal =3 'Starting
GEN/HUNT.ReqSt.stVal = 3 & ‘Speed no load not excited

GEN/HUNT.ReqSt.stVal = 4 ‘Generating

EXT/GAPC.SPCSO01.stVal &
GEN/MMXU.PPV.phsBC.cVal > 90 ' greater than 90 % of nominal voltage

S2 SEQ_SnIExcStr/HSEQ.StpPos.stVal = 2
| [SEQ_ SnlExcStr/HSEQ.SeqCmpl.stVal = true
GEN/HUNT.UntOpSt.stVal = 6 'Generator energised
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e Step 2: Starting of the generator cooling fans and unit synchronization to the grid. Step 2
is valid while the feedback of the generator cooling fans started and the feedback of the
unit circuit breaker closed are not present. A timer is necessary to control the length of

step 2. In case of step 2 too long length, the quick shutdown sequence is automatically
activated.

At the end of the sequence, the state generation is reached.

S3 SEQ_ GenStr /HSEQ.StepPos = 3

SEQ GenStr/HSEQ.SeqCmpl.stVal = false

SEQ_GenStr/HSEQ.StrCmd.ctlVal & 'start generating impulse
———— GEN/HUNT.ReqSt.ctlVal = 4 ' operator requests Generating

S4 SEQ_ GenStr /HSEQ.StepPos = 4

| ISYN/CSYN.StrSyn.ctlVal = true 'start synchronising
GEN/KFAN.Oper.ctlVal = true 'start cooling fans
GEN/HUNT.UntOpSt.stVal = 3 'unit starting
GEN/HUNT.ReqSt.stVal = 4 ‘Generating

GEN/KFAN.Oper.stVal &
CBR/XCBR.Pos.stVal = 2 'breaker closed

S5 SEQ_ GenStr /HSEQ.StepPos = 5
| [SEQ_GenStr/HSEQ.Cmp.stVal = true
GEN/HUNT.UntOpSt.stVal =7 'synchronised

4,55 Stop sequence from state “generator” to state “speed no load not excited”
(included in LD named “SEQX:GridFaultStop”)

The grid fault stopping sequence from state “generator” to state “speed no load not excited”
is @automatically activated if a grid’ fault occurs and the state of the unit is generator. If the

step-by-step mode was selected, it is automatically changed to the automatic mode when fthe
sequence is activated.

The¢ sequence (stopping sequence up to "speed no load not excited" state) may be broken
down into the following steps:

o [Step 1: Opening of the unit circuit breaker and updating of the active power set point with
the value<0. Step 1 is valid while the feedback of the unit circuit breaker open is ot
present.~A timer is necessary to control the length of step 1. In case of step 1 too long
length; the quick shutdown sequence is automatically activated.
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S0 | IsEQ_GridFaultStop/HSEQ.StepPos = 0
SEQ_GridFaultStop/HSEQ.SeqCmpl.stVal = false

PT2/PDIS.Op.general.stVal &
———— GEN/HUNT.UntOpSt.stvVal =7

S1 SEQ_GridFaultStop/HSEQ.StepPos = 1

L IGEN/HUNT.UntOpSt.stVal =8

TCT/MW_FSPT.sptVal = 0 (using of MW logical node prefix)
CBR/CSWI.Pos.ctlVal = 1 'oben breaker

————— CBR/XCBR.Pos.stVal = 1 'breaker open

e [Step 2: Stopping of the excitation system. Step 2 is valid whilethe feedback of the it
excitation stopped is not present. A timer is necessary to coftrol the length of step 2| In
case of step 2 too long length, the quick shutdown sequence is automatically activated.

S2 SEQ_GridFaultStop/HSEQ.StepPos = 2
| ECT/ACTM.ModAct.ctlVal = false

— L NOTECT/ACTM.ModAct.stVal &
FBR/XCBR.Pos.stVal =\ 'breaker open

e |[Step 3: Stopping of the generator cooling fans. Step 3 is valid while the feedback of the
generator cooling fans stopped is not present. A timer is necessary to control the length of
step 3. In case of stefp 8 too long length, the quick shutdown sequence is automatically
activated.

At the end of the.sequence, the state "speed no load not excited" is reached.

S3 | ISEQ_ Genstr /HSEQ.StepPos = 3

GEN/KFAN.Oper.ctlVal = false

—71—— NOT GEN/KFAN.Oper.stVal

S4 SEQ_GridFaultStop/HSEQ.SeqCmpl.stVal = true
—HGEN/HUNT.UntOpSt.stVal =5
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Shutdown sequence from state “generator” to state “stopped”

The normal shutdown sequence is activated from an operator order if the state of the unit is
different from the state stopped or blocked and if the higher priority shutdown sequences are
not already activated (quick or emergency shutdown sequences). At the end of each step and
if the step by step mode is selected, an operator validation is necessary to activate the step

N+

1.

The sequence (shutdown sequence up to stopped state) may be broken down into the

foll

vvvvvv

shutdown sequence is automatically activated.

Step 1: Updating of the active power set point with the value 0. Step 1 is valid while
feedback of the unit speed no load position on the wicket gates is not present.‘A timer is
necessary to control the length of step 1. In case of step 1 too long length, the gyick

| {GEN/HUNT.UntOpSt.stVal = 8 'Unit Stopping

TCT/MW_FSPT.sptVal = 0 (using of M\ logical node prefix)

SO0 | IsEQ_NormalStop /HSEQ.StepPos = 0
SEQ_NormalStop /HSEQ.Cmp.stVal = false
SEQ_ NormalStop /HSEQ.StrCmd.ctlVal = true ' stop, @rder pulse
S1 SEQ_NormalStop /HSEQ.StepPos = 1

————— TUR/HTGV.PosSNL.stVal

S2 | |SEQ_NormalStop /HSEQ.StepPos = 2

N|CBR/CSWI.Pos.ctlVal = 1 'open breaker

———— CBR/XCBR.Pos.stVal = 1 'breaker open

the

Step 2: Opening of the unijt circuit breaker. Step 2 is valid while the feedback of the {init
circuit breaker open is not'present. A timer is necessary to control the length of step 2
case of step 2 too longlength, the quick shutdown sequence is automatically activated.

In

Step 3: Stopping of the excitation system. Step 3 is valid while the feedback of the unit
excitation stopped is not present. A timer is necessary to control the length of step 3. In

case of step 3 too long length, the quick shutdown sequence is automatically activated.
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S3 SEQ_NormalStop /HSEQ.StepPos = 3
| IECT/GPAC.SPCSO01.ctlVal= false

— I NOTECT/GPAC.SPCSO01.stVal &
FBR/XCBR.Pos.stVal = 1 'breaker open

e |[Step 4: Stopping of the generator cooling fans and complete closing of the wickei) gatfes.
Step 4 is valid while the feedback of the generator cooling fans stopped and the .feedback
of the wicket gates closed are not present. A timer is necessary to control’the length of

step 4. In case of step 4 too long length, the quick shutdown sequence is“automatically
activated.

S4 SEQ_NormalStop /HSEQ.StepPos = 4

GEN/KFAN.Oper.ctlVal = false

—7—— NOT GEN/KFAN.Oper.stVal &
TUR/HTGV. PosCls.stVal

Step 5: Applying of the unit locks (locks’on the wicket gates). Step 5 is valid while fthe
feedback of the unit locks applied and the feedback of the unit braking speed are pot
present. A timer is necessary to control the length of step 5. In case of step 5 too long
length, the quick shutdown sequence is automatically activated.

S5 SEQ_NorfmalStop/HSEQ.StepPos=5
—| TUR/HTGV.SMLkdCls.ctIVal= true

—T——S\TUR/HTGV.SMLkdCls.stVal

Step 6: Applying of the unit brakes. Step 6 is valid while the feedback of the unit spg¢ed
equal to 0 is not present. A timer is necessary to control the length of step 6. In case of

step 6 too long length, the quick shutdown sequence (sequence 5) is automatically
activated.
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S6 SEQ_NormalStop/HSEQ.StepPos=6
—| BRK/HMBR.Operate.ctlVal= true

———— BRK/HMBR.Operate.stlVal &
SPD/HSP.StndStl.stVal

e |Step 7: Stopping of the unit auxiliaries (cooling system, oil station, ...). Step 7 is valid
while the feedback of the unit auxiliaries stopped is not present. A timer is necessary to
control the length of step 7. In case of step 7 too long length, the quick.'shutdgwn

sequence is automatically activated. At the end of the sequence 4, the state._stopped is
reached.

SEQ_NormalStop/HSEQ.StepPos=7
LUB/KPMP.Oper.ctlVal = off
HHPU/KPMP.Oper.ctlVal = off
COO/KPMP.Oper.ctlVal = off
OST/KPMP.Oper.ctlVal = off

S7

—71—— NOT LUB/KPMP.Oper.stVal &
NOT HPU/KPMP.Oper.stVal &
NOT COO/KPMP.Oper.stVal &
NOT OST/KPMP.Oper.stVal

S8 SEQ_NormalStop /HSEQ.SeqCmpl:stVal = true

MFGEN/HUNT.UntOpSt.stVal = 2.unit stopped

4.5(7 Quick shutdown sequence from state “generator” to state “stopped”
(SEQ_QuickStop)

The¢ quick shutdown sequénce from state “generator” to state “stopped” is automatically
actjvated if a mechaaical fault occurs, a loss of the permanent running conditions occurs
when the unit is in_the mode generator, a sequence step too long length occurs, if the state of
the| unit is different) from the state stopped or blocked and if the highest priority shutdgwn
sequence is net.already activated (emergency shutdown sequence). If the step by step mode

was selected{ =it is automatically changed to the automatic mode when the sequencq is
actjvated.

TheF séquence (shutdown sequence up to stopped state in case of mechanical fault) may|be
broken down into the fottowing steps:

e Step 1: Complete closing of the wicket gates and updating of the active power set point
with the value 0. Step 1 is valid while the feedback of the unit speed no load position on
the wicket gates is not present. A timer is necessary to control the length of step 1. In

case of step 1 too long length, the emergency shutdown sequence is automatically
activated.
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S0 SEQ_QuickStop/HSEQ.StepPos = 0
—SEQ_QuickStop/HSEQ.SeqCmpl.stVal = false

———— COO/TTMP.TmpSv.instMag > 35°C

S1 SEQ Quinlefnn/l—lQI:Q_Qh:\pDne =1

— L
| {GEN/HUNT.UntOpSt.stVal = 8 'unit stopping
TCT/MW_FSPT.sptVal = 0 (using of MW logical node prefix)
TUR/HTGV.SMLkdCls.ctlVal= true

——+—— TUR/HTGV.PosSNL.stVal

e [Step 2: Opening of the unit circuit breaker. Step 2 is valid while-the feedback of the (init
circuit breaker open is not present. A timer is necessary to controf the length of step 2| In
case of step 2 too long length, the emergency shutdowh “sequence is automatically
activated.

S2 | ISEQ_ QuickStop /HSEQ.StepPos = 2

[T |CBR/CSW!I.Pos.ctlVal = 1 'open breaker

——+—— CBR/XCBR.Pos.stVal =off 'breaker open

e [Step 3: Stopping of the“excitation system. Step 3 is valid while the feedback of the dinit
excitation stopped._is not present. A timer is necessary to control the length of step 3| In
case of step 3(too long length, the emergency shutdown sequence is automatically
activated.

S3 SEQ_QuickStop/HSEQ.StepPos = 3
| IECT/GAPC.SPCSO01.ctlVal= false

N NOT ECT/GPAC.SPCSO01.stVal &
FBR/XCBR.Pos.stVal = 1 'breaker open

e Step 4: Stopping of the generator cooling fans. Step 4 is valid while the feedback of the
generator cooling fans stopped and the feedback of the wicket gates closed are not
present. A timer is necessary to control the length of step 4. In case of step 4 too long
length, the emergency shutdown sequence is automatically activated.
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S4 SEQ_QuickStop/HSEQ.StepPos = 4

—GEN/KFAN.Oper.ctlVal = false

—T1—— NOT GEN/KFAN.Oper.stVal &
TUR/HTGV. PosCls.stVal

present. A timer is necessary to control the length of step 5. In case of step_5 too |
length, the emergency shutdown sequence is automatically activated.

S5 SEQ_QuickStop/HSEQ.StepPos=5
—| TUR/HTGV.SMLkdCls.ctlVal= true

—1— TUR/HTGV.SMLkdCls.stVal

equal to 0 is not present. A timer is necessary to control the length of step 6. In cass
step 6 too long length, the emergency,shutdown sequence is automatically activated.

S6 SEQ_QuickStop/HSEQ.StepPos=6
—| BRK/HMBR:Operate.ctlVal= true

——— ( BRK/HMBR.Operate.stlVa &
SPD/HSP.StndStl.stVal

Step 5: Applying of the unit locks (locks on the wicket gates). Step 5 is valid while the
feedback of the unit locks applied and the feedback of the unit braking speed are pot

ng

Step 6: Applying of the unit brakes. Step.6\is valid while the feedback of the unit spg¢ed

of

Step 7: Stopping of the unit auxiliaries (cooling system, oil station, ...). Step 7 is valid

to

while the feedback of the unit auxiliaries stopped is not present. A timer is necessary
contral th lanath f ctan 7 la oo f ctoanrn 7 ¢ lana lana th maoaraonov, chitd
CUTTUUT Uanre IUIIHLII \VA] QLUP . 11T AoV Ul OLU'J T IAYAv] I\JIIB IUIIHLII, are UIIIUISUIIU’ ODTTUtluUv

sequence is automatically activated.

At the end of the sequence, the state stopped is reached.

wn
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SEQ_QuickStop/HSEQ.StepPos=7
LUB/KPMP.Oper.ctlVal = off
HHPU/KPMP.Oper.ctlVal = off
COO/KPMP.Oper.ctlVal = off
OST/KPMP.Oper.ctlVal = off

S7

—71—— NOT LUB/KPMP.Oper.stVal &
NOT HPU/KPMP.Oper.stVal &
NOT COO/KPMP.Oper.stVal &
NOT OST/KPMP.Oper.stVal

o0 SEQ_QuickStop/HSEQ.SeqCmpl.stVal = true
FGEN/HUNT.UntOpSt.stVal =2

4.5/8 Emergency shutdown sequence from state “generator” to state ‘‘stopped”
(SEQ_EmgStop)

The¢ emergency shutdown sequence from state “generator” to state “stopped” is automatically
actjvated if either an electrical fault occurs or an operator order is @iven. If the step by sfep

mode was selected, it is automatically changed to the automatic /mode when the sequenceg is
actjvated.

The¢ sequence may be broken down into the following stepss

e [Step 1: Complete closing of the wicket gates, ¢épening of the unit circuit breaker and
updating of the active power set point with the ¥:alue 0. Step 1 is valid while the feedback
of the unit circuit breaker open is not present. A timer is necessary to control the length of
the step 1. In case of step 1 too long dength, the unit state blocked is automatically

activated.
St SEQ_EmgStop/HSEQ:Cmp.stVal = false
————— PT1/PDIF.Op.general.stVal
S2 SEQ_EmgStop/HSEQ.StepPos = 1

| IGEN/HUNT.UntOpSt.stVal =8

TCT/MW_FSPT.sptVal = 0 (using of MW logical node prefix)
TUR/HTGV.SMLkdCls.ctlVal= true

CBR/CSWI.Pos.ctlVal = 1 'open breaker

CBRIXCBR Pgg gtV/gl =1 'hrgakeor open

e Step 2: Stopping of the excitation system. Step 2 is valid while the feedback of the unit
excitation stopped is not present. A timer is necessary to control the length of step 2. In
case of step 2 too long length, the unit state blocked is automatically activated.
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S3 SEQ_EmgStop/HSEQ.StepPos = 2
| IECT/GAPC.SPCSO01.ctlVal= false

— !  NOTECT/GAPC.SPCS01.stVal &
FBR/XCBR.Pos.stVal = 1 'breaker open

Step 3: Stopping of the generator cooling fans. Step 3 is valid while the feedback of fthe
generator cooling fans stopped and the feedback of the wicket gates ¢losed are pot

present. A timer is necessary to control the length of step 3. In case of| Step 3 too long
length, the unit state blocked is automatically activated.

S4 SEQ_EmgStop/HSEQ.StepPos = 3

—GEN/KFAN.Oper.ctlVal = false

—t—— NOT GEN/KFAN.Oper.stVal &
TUR/HTGV. PosCls.stVal

Step 4: Applying of the unit locks (lock§8)on the wicket gates). Step 4 is valid while fthe
feedback of the unit locks applied and the feedback of the unit braking speed are pot

present. A timer is necessary to centrol the length of step 4. In case of step 4 too long
length, the unit state blocked is automatically activated.

S5 SEQ_EmgStop/HSEQ.StepPos= 4
| TUR/HTGV.SMLkdCls.ctlVal= true

—+— JUR/HTGV.SMLkdCls.stVal

Step 5: Applying of the unit brakes. Step 5 is valid while the feedback of the unit spg¢ed
equal to 0 is not present. A timer is necessary to control the length of step 5. In casg of
step S too long length, the unit state blocked is automatically activated.

S6 SEQ_EmgStop/HSEQ.StepPos= 5

—| BRK/HMBR.Operate.ctlVal= true

———— BRK/HMBR.Operate.stlVa &
SPD/HSP.StndStl.stVal
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e Step 6: Stopping of the unit auxiliaries (cooling system, oil station, ...). Step 6 is valid
while the feedback of the unit auxiliaries stopped is not present. A timer is necessary to
control the length of step 6. In case of step 6 too long length, the unit state blocked is
automatically activated.

At the end of the sequence, the state stopped is reached.
s SEQ_EmgStop/HSEQ.StepPos=7
= CUB/KPMP.Oper.ctlVal = off
HHPU/KPMP.Oper.ctlVal = off
COO/KPMP.Oper.ctlVal = off
OST/KPMP.Oper.ctlVal = off
——1—— NOT LUB/KPMP.Oper.stVal &
NOT HPU/KPMP.Oper.stVal &
NOT COO/KPMP.Oper.stVal &
NOT OST/KPMP.Oper.stVal
S8 SEQ_EmgStop/HSEQ.SeqCmpl.stVal = true
—IGEN/HUNT.UntOpSt.stVal = 2 'unit stopped

5 | Variable speed system example

5.1 Example of block diagrams and logical nodes of variable speed pumped storagge

system

Figure 23, Figure 24 and Figure 25 show the typical block diagrams describing the ovefrall

sygtem of the variable speed pumped storage system and mapping of the related logijcal

nodes.
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Figure 23 — Typical block diagram in pumping operation


https://iecnorm.com/api/?name=047f42286806229747b282f4580ff4fb

To Power Grid

— 48 —

Reference Gri

TR 61850-7-510 © IEC:2012(E)

!
Vi F Af ) |
@D Grid Frequency requency : 4 2B |Active Power| |
Detector - 3 Set-point i |
Active/Reactive P H SO =
<| C + Reactive |i
cT <Xl Power Detector | ) I: 3 < Power | :
________________________ [ - U
o— (E )ﬁ e M mmm o mmmmmmm— o Set-point .
1m---V---5 ! Gate Control Il + | FPID b \ |
CSWI AGTH]_AC Exciter | 11 Pulse Train Gate d, [7PID [ AP | I
XCBR —puep——— ppp—— JI ' < §+ Controller |~ | Filter AQ b
Circui I—Héwr [VTVAVIN ld RID < ! I
BOMM r \
|€7 Breaker T Slip Frequency | | | Filter J |_HUNTJ 0|
pper Speed/Phase I o _______ | T T T T T S S P - |
Rdservoir S Sensor i Gate Pulse Generator Automatic Power|Regulator |
. (Governor Systemy ] RES] .V | [
_| otor - == _l =0 |ACTM SpeeT e =
— Refgrence LHUNT | |
|_ HRES . | Speed 1| Optimum
Guide Controller € speed Py <
________________ a 'l Function R @
& HGOV | [ ESPT
Controller 1 Refe’e”CSI]:J Optimuri—]
__________________ | Guide Vane : Ggs:n\i/:;e -
R - Opening ! Function .
o ILogical Device | | = ... —.— [HsEQ o~ HLVL—|J
[ Logical Node HRES
Lower
Reservoir
IEC B57/12
Figure 24 — Typical block diagram ify generating operation
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Figure 25 — Typical block diagram in synchronous

condenser mode
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5.2
storage

5.21 General

—49 —

Example of application for an excitation system of variable speed pumped

Typical logical nodes of an excitation system for variable speed pumped storage system are

mapped to the block diagrams described in 5.1.

For practical purposes, the excitation system will be divided in a number of Logical Devices

that can be addressed and handled separately.

24

5.212 Automatic power regulator example

Figure 26 shows an automatic power regulator.

IEC 61850 Interface

Thl division into functional blocks, as well as in Logical Devices as represented on F'&t}((l/%,
and 25 are only informative and may be interpreted in different ways.
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Figure 26 — Automatic power regulator

IEC 359/12
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Power detector example

Figure 27 shows a power detector.

IEC 61850 Interface
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Figure 27 — Power

Gate pulse generator example

Figure 28 shows a gate pulse generators

IEC 61850 Interface
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Figure 28 — Gate pulse generator

IEC 361/12


https://iecnorm.com/api/?name=047f42286806229747b282f4580ff4fb

TR 61850-7-510 © IEC:2012(E) -51-

5.3 Example of governor system
5.3.1 Guide vane opening function example

Figure 29 shows a guide vane opening function.

Optimum Guide Vane Opening Function

IEC 61850 Interface |
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Figure'29 — Guide vane opening function
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5.3.2 Guide vane controller example

Figure 30 shows a guide vane controller.

Guide Vane Controller
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5.3.3 Speed controller example

Figure 31 shows a speed controller.

Speed Controller:

Cuide Vane Coptroller

IEC 61850 Interface
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&

5.314 Optimum speed function e@ﬁple

Figure 32 shows an optimum spe,@ function.
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Figure 32 — Optimum speed function
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5.4 Example of how to reference a start / stop sequencer for variable speed pumped

storage system

5.4.1 Unit sequences definition for conventional and variable speed pumped storage

Each unit sequence is defined by a “HSEQ” LN and it is included in a dedicated LD. All of
them are grouped together in a group reference LD called “Seq” (unit start-stop sequencer).
Basically, the sequences of generating mode are the same as for turbine generator.
Figure 33 shows a sequencer overview.

— 54 —
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Figure'33 — Sequencer overview

Table 6 summarizes typical.séquences used by start / stop sequencer functions.

Table 6 + Logical device names for sequence function groups

LogicalDevice Function
MstStr Master start relay (starts necessary auxiliary equipment)
€ndEmgStop Generator condenser fast (emergency) shut down sequence
GenCndStr Generator condenser mode start sequence
GenCndPmp Generator condenser to pump sequence
PmpGenCnd Pump to generator condenser sequence
PmpStop Pump shutdown sequence

PmpEmgStop

Pump emergency shutdown sequence

TR 61850-7-510 © IEC:2012(E)
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5.4.2 Start sequence from a state "Stopped” to a state "Synchronous Condenser (SC)
mode in pump direction”

e Step 1: Starting of the unit auxiliaries (cooling system, pressed oil system, compressed air
system, etc.).

SO SEQ_GenCndStr/HSEQ.SeqCmpl.stVal = false

SEQ_SCStr/HSEQ.StrCmd.ctlVal = true & ' start order

— T GEN/HUNT.ReqSt.ctlVal = 5 & ' Operator requests synchronous condensor mode
SEQ_GenCnd/HSEQ.PreSeq.stVal ' Prestart conditions satisfied
S1 SEQ_GenCndStr/HSEQ.StpPos.stVal = 1

| [SEQ_ MstStr/HSEQ. StrCmd.ctlVal = true 'start auxiliaries
GEN/HUNT.UntOpSt.stVal =3 'unit starting
GEN/HUNT.UntOpMod.stVal = 2 'synchronous condensor mode
GEN/HUNT.ReqgSt.stVal = 5 ‘synchronous condenser mode

SEQ_ MstStr/HSEQ.SeqCmpl.stval '

e |Step 2: Dewatering of Draft tube water level (controlled by compressed air supply system)

S2 SEQ_GenCndStr/HSEQ.StpPos.stVal.=\2
| [SEQ_ MstStr/HSEQ. StrCmd.ctlVal =“false ‘if required by the implementation
TUR_DWTR/KVLV. Pos.ctlVal = _trdé 'open dewatering valve

—r— TUR_DWTR/KVLV.Pos.stVal

e |Step 3: Running of unit (managed by the Static Frequency Converter)

S3 SEQ_GenCndStr/HSEQ.StpPos.stVal = 3
| [SFC/ACTM. ModAct.ctlVal = true 'Start order to Static frequency Convertor

——1—— SFC/ACTM. ModAct.stVal &
SPH/HSPD.SpdSyn.stVal 'SFC started and synchronous speed

e Step 4: Unit synchronization to the grid (managed by the synchronizer)

At the end of the sequence, the state Synchronous Condenser (SC) mode in pump direction is
reached.
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S4 SEQ_GenCndStr/HSEQ.StpPos.stVal = 4
| [SYN/CSYN.StrSyn.ctlVal = true 'start synchronising

CBR/XCBR.Pos.stVal = 2 'breaker closed

S5 SEQ_GenCndStr/HSEQ.StpPos.stVal = 5

[ISYN/CSYN.SirSyn.ctlval = false 'stop synchronising
GEN/HUNT.UntOpSt.stVal =7 'unit in synchronous condenser steady state
SEQ_GenCndStr/HSEQ.SeqCmpl.stVal = true

5.4/3 Start sequence from a state "Synchronous Condenser (SC) mode in Pump
direction” to a state "Pumping"”

The start sequence from a state "Synchronous Condenser" to a staté/}Pumping" is activated if
an |operator from the state requested the state SC in pump diréction. In addition, the sgart
sequence is automatically activated if an operator from the_state requested the state Uinit
stopped.

e [Step 1: Starting of pump priming operation.

SO SEQ_GenCndPmp/HSEQ.StpPos.stVal.= 1
—SEQ_GenCndPmp/HSEQ.SeqCmpl.stVal = false

SEQ_GenCndPmp/HSEQ.Strt€Cmd.ctlVal = true & ' start order

— T GEN/HUNT.ReqSt.stVal =p1°& ' Operator requests pumping
GEN/HUNT.UntOpSt.stVah=7 'synchronous condensor mode
S1 SEQ_GenCndPmp/HSEQ.StpPos.stVal = 1

| [SFC_PMP/HSEQ:StrCmd.ctlVal = true 'start pumping
TUR_DWTRIKYLV. Pos.ctlVal = false 'close dewatering valve

——+—— SFECy PMP/HSEQ.SeqCmpl.stVal &
NOT TUR_DWTR/KVLV. Pos.stVal

At the end of the sequence, the state pumping is reached.
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S2 SEQ_GenCndPmp/HSEQ.StpPos.stVal = 2
| IPMP/HGOV.ModAct.ctlVal = true 'Open vanes

PMP/HGOV.ModAct.stVal

S3 SEQ_GenCndPmp/HSEQ.StpPos.stVal = 3

CIGENTHUNT.UNtOpMod.stvVal = 3 'unit in synchronous condenser steady state
SEQ_GenCnd2Pmp/HSEQ.SeqCmpl.stVal = true

5.44 Mode Transition sequence from a state "Pumping” to a state "Synchronous
Condenser (SC) mode in Pump direction”

The¢ Mode Transition sequence from a state "Pumping" to a state "Synchronous Condenserf'

actjvated if an operator from the state requested the state pumping.

e |Step 1: Starting of guide vane closing

SO SEQ_PmpGenCnd/HSEQ.StpPos.stVal = 0
—SEQ_PmpGenCnd/HSEQ.SeqCmpl.stVal = false

SEQ_PmpGenCnd/HSEQ.StrCmd.ctlVal & start order
— 1 GEN/HUNT.ReqSt.stVal =5 & “Qperator requests synchronous condensor
GEN/HUNT.UntOpMod.stVal =3 'pumping mode

S1 SEQ_PmpGenCnd/HSEQ.StpRos.stVal = 1
| [SFC_PMP/HSEQ. StrCmd.ctiVal = false 'start pumping
GEN/HUNT.UntOpMod.stVal = 2 'unit starting

—+—— NOT SFC_PMP/HSEQ.SeqCmpl.stVal

o |[Step 2: Dewatering of Draft tube water level (controlled by compressed air supply syste

At the end-of the sequence, the state Synchronous Condenser (SC) mode in pump directio
reached-

m)

N is

S2 SEQ_PmpGenCnd/HSEQ.StpPos.stVal = 2
| PMP/HGOV.ModAct.ctlVal = true 'Open vanes
TUR_DWTR/KVLV. Pos.ctlVal = true 'start dewatering

NOT PMP/HGOV.ModAct.stVal & TUR DWTR/KVLV. Pos.stVal

S3 SEQ_PmpGenCnd/HSEQ.StpPos.stVal = 3
| IGEN/HUNT.UntOpMod.stVal = 3 'unit in synchronous condenser steady state
SEQ_Pmp2GenCnd/HSEQ.SeqCmpl.stVal = false



https://iecnorm.com/api/?name=047f42286806229747b282f4580ff4fb

- 58 - TR 61850-7-510 © IEC:2012(E)

5.4.5 Sequence from a state "pumping” to a state "stopped"”

e Step 1: When Stop command is turned "ON", the input power to the generator/motor will
be decreased and the guide vane will be closed gradually.

SO SEQ_PmpStop/HSEQ.StpPos.stVal = 0
—ISEQ_PmpStop/HSEQ.SeqCmpl.stVal = false

SEQ_PmpStop/HSEQ.StrCmd.ctlVal & ' start order
GENAUNT RegStstva—1t%& —Operator TEqUEStS SYNMChTonouS COMAEenTsoT

GEN/HUNT.UntOpMod.stVal =8 'stopping mode

S1 SEQ_PmpStop/HSEQ.StpPos.stVal = 1
PMP/HGOV.ModAct.stVal = false 'close vanes
GEN/HUNT.UntOpMod.stVal = 2 'unit starting

——1—— TUR/HTGV.PosSNL.stVal

e [Step 2: When the position of the guide vane has reached the setting value, the main
circuit breaker should be opened.

S2 SEQ_PmpStop/HSEQ.StpPos.stVal £2
—|CBR/CSWI.Pos.ctlVal = 1 'open breaker

—T—— CBR/XCBRI.Pos.stVal =1" breaker open

e |Step 3: Turn off therexcitation.

S3 SEQ_PmpStop/HSEQ.StpPos.stVal = 3
—FBR/CSWI.Pos.ctlVal = 1 'open field breaker

EBRIXCBRI Pos stVal=1"' breaker open

e Step 4: The guide vane should be fully closed.
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S4 SEQ_PmpStop/HSEQ.StpPos.stVal = 4

TUR/HTGV.PosCls.stVal &' Guide vanes closed
TUR/HSPD.SpdBrk.stVal 'Break speed

Step 5: When the speed of the rotor is under the setting value, the mechanical breéak

should be done.

S5 SEQ_PmpStop/HSEQ.StpPos.stVal = 5
—BRK/HMBR.operate.ctlVal = false

——+—— BRK/HMBR.SeqCmpl.stVal &
TUR/HSPD.StndStl.stVal 'Standstill

14
o

L

Step 6: When the main generator/motor is stopped, the mechanical break will be releass

S6 SEQ_PmpStop/HSEQ.StpPos.stVal= 6
BRK/HMBR.operate.ctlVal = fals€

— 1 NOT BRK/HMBR.operate.stVal

S7 SEQ_PmpStop/HSEQ.StpPos.stVal =7
GEN/HUNT.UntOpMod.stVal = 2 'unit in stopped steady state

SEQ PmpStop/HSEQ.SeqCmpl.stVal = true
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5.4.6 Emergency shutdown sequence from a state "pumping” to a state "stopped”

e Step 1: When emergency protection relay is operated, main circuit breaker should be
opened. Then the guide vane should be fully closed.

SO SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 0
—SEQ_PmpEmgStop/HSEQ.SeqCmpl.stVal = false

GEN/HUNT.ReqSt.stVal =14 & ' Operator requests synchronous condensor

GENHUNTOmMtOpiModstvar—38"stoppimg—mode

S1
SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 1

I"|[CBR/CSWI.Pos.ctlVal = 1 'open breaker
PMP/HGOV.ModAct.stVal = false 'close vanes

—1— NOT SFC_PMP/HSEQ.SeqCmpl.stVal

e [Step 2: Turn off the excitation.

S2 SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 2
—FBR/CSWI.Pos.ctlVal = 1 'open breaker

—7 1 TUR/HSPD.SpdBrk.stVal 'Breakspeed

e |Step 3: When the speedlof the rotor is under the setting value, the mechanical brgak
should be done.

S3 SEQ, PmpEmgStop/HSEQ.StpPos.stVal = 3
—BRK/HMBR.operate.ctlVal = false

——+—— TUR/HSPD.StndStl.stVal 'Generator at standstill

e Step 4: When the main generator/motor is stopped, the mechanical break will be released.
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S6
SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 6
BRK/HMBR.operate.ctlVal = false

— 1 NOT BRK/HMBR.operate.stVal

S7 SEQ_PmpEmgStop/HSEQ.StpPos.stVal =7
[ H{GEN/HUNT.UntOpMod.stVal = Z "unit in stopped steady state
SEQ_PmpEmgStop/HSEQ.SeqCmpl.stVal = true

5.47 Shutdown sequence from a state "Synchronous Condenser (SC) mode in pump
direction” to a state "stopped”

e |Step 1: When Stop command is turned "ON", reactive power should be'controlled to zerp.

SO SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 0
—ISEQ_PmpEmgStop/HSEQ.SeqCmpl.stVal = false

GEN/HUNT.ReqSt.stVal =1 & ' Operator requests a stop
— T GEN/HUNT.UntOpMod.stVal =8 'stopping mode

S1
| [SEQ_PmpEmgStop/HSEQ.StpPos.stVal= 1

PMP/HGOV.ModAct.stVal = false 'Close vanes

—t— MMXU.VAR <0

e [Step 2: Main circuit breaker should be open. Water depression should be stopped.

S2 SEQ, PmpEmgStop/HSEQ.StpPos.stVal = 2
—€BR/CSWI.Pos.ctlVal = 1 'open breaker
TUR_DWTR/KVLV. Pos.ctlVal = false

T 17— TUR/HSPD.SpdBrk.stVal 'Break speed

e Step 3: Turn off the excitation.

S3 SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 3
—FBR/CSWI.Pos.ctlVal = 1 'open breaker

———— TUR/HSPD.SpdBrk.stVal 'Break speed
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e Step 4: When the speed of the rotor is under the setting value, the mechanical break
should be done.

S4 SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 4
—BRK/HMBR.operate.ctlVal = true

———— TUR/HSPD.StndStl.stVal 'Generator at standstill

14

e [Step 5: When the main generator/motor is stopped, the mechanical break will be releasé¢d.

S5
SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 5

BRK/HMBR.operate.ctlVal = false

— 1 NOT BRK/HMBR.operate.stVal

S6 SEQ_PmpEmgStop/HSEQ.StpPos.stVal = 6
| {GEN/HUNT.UntOpMod.stVal = 2 'unit in stopped steady state
SEQ_PmpEmgStop/HSEQ.SeqCmpl.stVal = true

5.4/8 Emergency shutdown sequence fromya state "Synchronous Condenser (SC)
mode in pump direction" to a state "stopped”

e [Step 1: When emergency protection*telay is operated, Main circuit breaker should|be
open. Water depression should be stopped.

SO SEQ_CndEmgStop/HSEQ.StpPos.stVal = 0
—SEQ_CndEmgStop/HSEQ.SeqCmpl.stVal = false

GEN/HUNT.ReqSt.stVal =1 & ' Operator requests a stop
— 71— GEN/HUNT.UntOpMod.stVal =8 'stopping mode

S1
SEQ_CndEmgStop/HSEQ.StpPos.stVal = 1

I"|[CBR/CSWI.Pos.ctlVal = 1 'open breaker
TUR_DWTR/KVLV. Pos.ctlVal = false
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e Step 2: Turn off the excitation.

S2 SEQ_CndEmgStop/HSEQ.StpPos.stVal = 2
—FBR/CSWI.Pos.ctlVal = 1 'open breaker

———— TUR/HSPD.SpdBrk.stVal 'Break speed

e [Step 3: When the speed of the rotor is under the setting value, the mechanical br¢ak
should be done.

S3 SEQ_CndEmgStop/HSEQ.StpPos.stVal = 3
—BRK/HMBR.operate.ctlVal = true

———— TUR/HSPD.StndStl.stVal 'Generator at standstill

e |[Step 4: When the main generator/motor is stopped, the méchanical break will be releass

D
o

S4
SEQ_CndEmgStop/HSEQ.StpPos.stVal =4
BRK/HMBR.operate.ctlVal = false

— 11 PMP/HSPD.StndStl.stVal

S5 SEQ_CndEmgStop/HSEQ.StpPos.stVal = 5
| {GEN/HUNT.UntOpMod.stVal = 2 'unit in stopped steady state
SEQ_CndEmgStopp/HSEQ.SeqCmpl.stVal = true
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6 Pump start priorities of a high pressure oil system

6.1 Example of a pump start priority for high pressure oil system
6.1.1 General

This example will demonstrate how to use IEC 61850 logical nodes to program a start-stop
sequence for pumps using the FXPS logical node to manage the pump start priorities of a

phical representation of the high pressure oil pumping unit.

«——PressOil/SLEV.Lolnd1

lé——PressOil/SLEV.Lolnd2

PressOil_Pmp1 ,\Q

N
PtessOil_Pmp2 0

Outlet
IEC 367/12

Figure 34 — Graphical representation of the high pressure oil pumping unit

6.112 Sequence totmanage a pump start priorities

The¢ goal of this,sequence is to manage the pump start priorities. This sequence can be used
to gtart other types of equipment such as fans or heaters. Note that when a Boolean ctlVal is
set| true or—false, its return value and readable value is stVal for the same data object
insfance.

The fogical node template used for FXPS is shown in the following incomplete ICD file. FXPS
was modified so to have the ability to manage 2 pumps.
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----------- file: PresOil.lCD-===mmmmmmmm e e

<?xml version="1.0" encoding="UTF-8" ?>

<SCL xmins="http://www.iec.ch/61850/2003/SCL"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://www.iec.ch/61850/2003/SCL SCL.xsd">

<IED name="PresOil">

<AccessPoint name="S1">

<Server>

Authontication 1/

<LDevice inst="PresOil">

<LNO InType="LNO" InClass="LLNO" inst="">

<DataSet name="Status">
<FCDA IdInst="PresOil" prefix="" InInst="1" InClass="FXPS" doName="CtIMod" fc="ST" />
<FCDA IdInst="PresOil" prefix="" InInst="1" InClass="FXPS" doName="StrPrt1"Mc="ST" />
<FCDA IdInst="PresOil" prefix="" InInst="1" InClass="FXPS" doName="StrPrt2")fc="ST" />
<FCDA IdInst="PresOil" prefix="" InInst="1" InClass="FXPS" doName="QuSts1" fc="ST" />
<FCDA IdInst="PresOil" prefix="" InInst="1" InClass="FXPS" doName="QuSts2" fc="ST" />
</DataSet>
</LNO>
<LN inst="1" InClass="FCSD" InType="FCSDa" />
</LDevice>
</Server>
</AccessPoint>
</IED>

DataTypeTemplates>

<LNodeType id="FXPS1" InClass="FXPS" >
<DO name="Beh" type="myBeh" />
<DO name="CtIMod" type="myCtIMod" />
<DO name="StrPrtl1" type="myStrPrt" />
<DO name="StrPrt2" type="myStrPrt" />
<DO name="QuSts1" type="myQuSts" />
<DO name="QuSts2" type="myQuSts" /(>
</LNodeType>

</DataTypeTemplates>

</SCL>

S ) S —— -

The¢ sequence may be broken down into the following steps:

Step 0: This is the-initial step. In this case, the step is active only when the program is
initiated (after @ soft reset, a reboot, or a forced re-initiation of the sequencer). In this
step, the following data attributes of logical node "PressOil/[FXPS1" are set:

— CtIMed.stVal, set at 6 (Alternate + First In First Out),
— QuSts1.stVal which is the queue order in which pump 1 is located,
=</QuSts2.stVal which is the queue order in which pump 2 is located.

Step 1: This step stops all pumps, synchronises the pump start priority with respect to
pumps location in the Queue, and waits for a low oil level.

Step 2: This step awaits a selection confirmation for the pump that has the priority to start.

Step 3 or 4: If "PresOil/[FXPS1.StrPrt1.stVal = 1" then step 3 will become active and Pump
1 will receive an order to start. The Queue order for the priority start will then be inverted.
If "PresOil/FXPS1.StrPrt2.stVal = 1" then step 4 will become active and Pump 2 will
receive an order to start. The Queue order for the priority start will then be inverted.

Step 5: This step selects branch according two conditions. If the low oil level condition
disappears, the next active step will be step 1 and thus the pumps will receive a stop
order. If a lower oil level condition appears, the sequence will branch to the next active
step depending on the start priority of each pump.
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e Step 6 or 8: These steps will send a start order to Pump 1 when in step 6 or a start order
to Pump 2 when in step 8. These steps wait for the lower level condition to disappear

before being inactivated.

e Step 7 or 9: These steps will send a stop order to Pump 1 when in step 6 or a stop order
to Pump 2 when in step 8 and the sequence will go to back to step 5.

A logic scheme of these steps is shown in Figure 35.

PresOil/HSEQ.StepPos.stVal=0

[so]

PressOil/[FXPS1.CtIMod.stVal=6

+ Pause 1 second

S

l

+ SLEV.Lolnd1.stVal = true

S2

| |

PresOIl/FXPS1.QuSts1.stVal=1
PresQil/FXPS1.QuSts2.stVal=2

PresOil/HSEQ.StepPos.stVal = 1
S1 | PresOil_PMP1/KPMP1.Oper.ctlVal = false
PresQil_PMP2/KPMP2.0Oper.ctlVal = false
PresQil/FXPS1.StrPrt1.stVal = PresQil/[FXPS1.QuSts 1 stVal
PresQil/FXPS1.StrPrt2.stVal = PresOQil/FXPS1.QuSts2.stVal

PresOil/HSEQ.StepPos.stVal=2

- RresOil/FXPS1.StrPrt1.stVal = 1

g3 [ PresOil/lHSEQ.StepPos.stVal = 3
PresQil_PMP1/KPMP1.Oper.ctlVal = true

PresQil/FXPS1.QuSts1.stVal = 2

PresOil/FXPS1.QuSts2.stVal=1
- Rause 5sec

l

-

PresOil/[FXPS1.StrPrt2.stVal = 1

PresOil/HSEQ.StepPos.stVal = 4

54 PresOil_PMP2/KPMP1.Oper.ctlVal = true
PresOQil/FXPS1.QuSts1.stVal = 1
PresQil/FXPS1.QuSts2.stVal = 2

+ Pause 5sec

Yy Yy

<+ HresOil/SLEV1:Lolnd1.stVal

PresQOil/EXPS1 StrPrt1.stVal = 2

S5 | PresOjl/HSEQ.StepPos.stVal=5

PresQil/SLEV1.Lolnd2.stVal = true

|

l

PresQil/[FXPS1.StrPrt2.stVal = 2

S6 | PresOil/HSEQ.StepPos.stVal = 6
PresOil_PMP1/KPMP1.0Oper.ctlVal = true

«f— PresOQil/SLEV.Lolnd2.stVal= false

S7 [PresOil/HSEQ.StepPos.stVal =7
PresOil_PMP1/KPMP1.0Oper.ctlVal = false

™ True

S8

«’» PresOQil/SLEV.Lolnd2.stVal = false

S9 PresOil/HSEQ.StepPos.stVal = 9
PresQil_PMP2/KPMP1.Oper.ctlVal = false
<+ True

PresOil/HSEQ.StepPos.stVal = 8
PresQil_PMP2/KPMP1.Oper.ctlVal = true

IEC 368/12

Figure 35 — Example of pump priority start logic sequence
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