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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
speciffc document. At this date, the document witt be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

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

In the preparation of this document, special care has been taken to as far as possible describe
the requirements in a technologically independent way. In order to achieve that, a function of
interest is described by a comprehensive set of parameters. The parameters are selected based
on a systematic analysis of physical phenomena relevant to achieve the requested functionality.

Reflecting the early stage of technology, the technical parameters need comprehensive
explanations and background information. This need is reflected in the dual character of the
content, which is presented in the two corresponding parts:

o |EC TS 632971-T, Guideline containing the explanations and the background informalion in
context with the parameter lists;

e |EC TS 63291-2, Parameter lists containing the essential lists of parameters|and vyalues
dgscribing properties of the AC as well as the DC system (operating canditiond) and
parameters describing the performance of the newly installed compongent (performance
reqiuirements).

IEC T 63291-1 and IEC TS 63291-2 have the same structure to aid the-reader.

At the|time of writing there is no real-life multi-national, multi-vendor HVDC grid project to|which
the guideline and parameter lists can be applied. Practical expefiences in the near futufe are
expegted to provide input for developing these guideline and.parameter lists further.
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HIGH VOLTAGE DIRECT CURRENT (HVDC) GRID SYSTEMS AND

CONNECTED CONVERTER STATIONS — GUIDELINE AND PARAMETER

LISTS FOR FUNCTIONAL SPECIFICATIONS -

Part 2: Parameter lists

1 Scope

This d
grid s
are us
two H
topolg

While

ocument defines aspects on planning, specification, and execution of multi-vendor
ystems also referred to as HVDC grids. The terms "HVDC grid systems" or "HVDC
ed in this document to describe HVDC systems for power transmission having mor
VDC stations connected to a common DC circuit. The DC circuit can be of'radial or m
gy or a combination thereof. In this document, the term "HVDC grids"|is used.

consi:lLered applicable to all HVDC systems in general, i.e., including point-to-point

syste
used

Corre
voltag
to ear

NOTE
designi

This d

e CO
e H
e H
e H

s. Existing IEC (e.g., IEC TR 63363-1 [1]), Cigre or other,relevant documents havg
or reference as far as possible.

sponding to electric power transmission applications, this document is applicable t
e systems, i.e., those having typically nominal DEwoltages higher than 50 kV with r¢
th are considered in this document.

While the physical principles of DC networks are’basically voltage independent, the technical opti
hg equipment get much wider with lower DC voltage levels, e.g. in the case of converters or switchge

ocument covers technical aspects of:

ordination of HYDC grid and AC)systems,
DC grid characteristics,

DC grid control,

DC grid protection,

HVDC
grids"
b than
bshed

this document focuses on requirements specific for HVDC grids,,some requirements are

HVDC
been

b high
spect

ons for
ar.

A

e AC/DC converter¢stations,

e HYDC grid instalations, including DC switching stations and HVDC transmission line
e stydies and associated models,

o testing:

Beyondihe scope of this document, the following content is proposed for future work:

e DC/DC converter stations.

2 N

ormative 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.

IEC 62747:2014, Terminology for voltage-sourced converters (VSC) for high-voltage direct
current (HVDC) systems
IEC 62747:2014/AMD1:2019
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IEC TS 63291-1:2023, High voltage direct current (HVDC) grid systems and connected

conve
Guide

rter stations — Guideline and parameter lists for functional specifications — Part 1:
line

3 Terms, definitions and abbreviated terms

For th

e purposes of this document, the following terms and definitions apply.

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

3.1

3.1.1
AC/D
indivis

C Electropedia: available at https://www.electropedia.org/

D Online browsing platform: available at https://www.iso.org/obp

Terms and definitions

C converter unit
ible operative unit comprising all equipment between the PeCG-AC and the Po

essentially one or more converters, together with interface transformers, control and port

equip
conve

Note 1

[SOU
techn

3.1.2
AC/D

ment, essential protective and switching devices and ‘auxiliaries, if any, use
rsion

to entry: The term "converter transformer" is also used instead of "interface transformer"”.

RCE: IEC 62747:2014, 7.5, modified — The_ déefinition was neutralised with resp
blogy (not only VSC converters) and uses theyterm PoC as defined in this documen

C converter station

C-DC,
Bction
d for

ect to
t.]

part of an HVDC system which consists<6f one or more AC/DC converter units includipng DC

switchgear, if any, DC fault current.controlling devices, if any, installed in a single lopation
together with buildings, reactors, filters, reactive power supply, control, monitoring, protective,
measliring and auxiliary equipment

[SOURCE: IEC 62747:2014,.9.21, modified — The definition was made specific with resgect to
AC/DC converter units,-differentiating from DC/DC converter units. Furthermore, only the term
AC/DC converter station/is used in this document.]

3.1.3

point|of connection-DC

PoC-IC

electr|cal interface point at DC voltage as shown in Figure 1

3.1.4

point of connection-AC

PoC-AC

electrical interface point at AC voltage as shown in Figure 1
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AC/DC converter

station
. | - |
| [V |
AC side DC side
point of connection point of connection HVDC grid
(PoC-AC) (PoC-DC)

IEC

Figure 1 — Definition of the point of connection-AC and the
point of connection-DC at an AC/DC converter station

3.1.5
DC/DC converter unit
indivigible operative unit comprising all equipment between the points of connection [o the
HVD( grid having different nominal DC voltage, essentially one or more converters, together
with interface transformers, if any, control equipment, essential proteCtive and swifching
devicgs and auxiliaries, if any, used for conversion

Note 1 [to entry: The term "converter transformer" is also used instead of "interface.transformer".

3.1.6
DC/DC converter station
part ¢f an HVDC grid which consists of one or more DC/DC converter units including DC
switchgear, if any, DC fault current controlling devices) if any, installed in a single lofation
together with buildings, reactors, filters, control, monitering, protective, measuring and aukiliary
equipment, if any

3.1.7
DC Iile power flow controller
devicg¢ connected in series with a transmission line inserting a DC voltage for the pfimary
purpoge of controlling the power flow int\a meshed HVDC grid

Note 1 fto entry: Series connected deviees can also be used to insert into or absorb power from a transmissjon line
for the purpose of compensating the.voliage drop along the line or connecting load or generation.

3.1.8
DC protection zone
physig¢al part of an H¥D€ grid with a distinct DC fault handling sequence

3.1.9
DC switching unit
indivigible operative unit comprising all equipment between the DC busbars and the terminals
(HV pples and neutral, if any) of one point of connection on the DC side, comprising, if any, one
or mofe switches. control. monitoring, protective, measuring equipment and auxiliaries

3.1.10

DC switching station

part of an HVDC grid with the primary purpose to establish electrical connections between
AC/DC converter station and HVDC grid installations, such as transmission lines, DC/DC
converter station, DC switching station, including connections to earth, if any, using one or more
DC switches, installed in a single location together with buildings, reactors, filters, control,
monitoring, protective, measuring and auxiliary equipment, if any

3.1.11

functional software-in-the-loop model

control and protection model representing the relevant functionality and performance for testing,
running on a simulation environment different from the original C&P equipment hardware
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3.1.12

HVDC grid

high voltage direct current transmission network connecting more than two AC/DC converter
stations transferring energy in the form of high voltage direct current including related
transmission lines, switching stations, DC/DC converter stations, if any, as well as other
equipment and subsystems needed for operation

3.1.13
HVDC station
substation in or connected to an HVDC grid

EXAMRtE—ACIDCTonverterstatiom, DE€/D€tonverterstatiom, Dt switchimgstatiomn

3.1.14
inertig
<in ar) electric power system> property of a rotating rigid body according to which'it maiptains
its angular velocity in an inertial frame in the absence of an external torque

[SOURCE: IEC TS 62898-3-3:2023, 3.1.18, [2]]

meshed HVDC grid
HVDQ grid having more than one direct current connection between at least two conjverter
stations

3.1.15
metalllic return conductor
insulated conductor between the DC neutral busbars of HVYDC stations

3.1.16
neutral bus earthing switch
NBES
DC cgmmutation switch connected fromixthe neutral bus to the station earth mat on a RQipolar
HVD( scheme, designed to provide atemporary earth connection in the event of an open-gircuit
fault gn the electrode line until theiimbalance of current between the two poles can be refuced
to a spfe minimum level or the electrode line connection can be restored

Note 1fo entry: To describe this type of switch, some standards use the term “neutral bus grounding switch (NBGS)”

[SOURCE: IEC 60633:2019, 9.27 [3], modified — The terms "neutral bus grounding switch" and
"NBGB" have been omitted and the note added.]

nominal active power
value |of active-power used to designate or identify a component, device, equipment, or system

Note 1 o, entry: The nominal value is generally a rounded value.

3.1.17
nominal DC current
value of DC current used to designate or identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

3.1.18
nominal DC voltage
value of DC voltage used to designate or identify a component, device, equipment, or system

Note 1 to entry: The nominal value is generally a rounded value.

Note 2 to entry: In HVDC grids, the nominal DC voltage can be defined pole-to-earth or pole-to-neutral.
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[SOURCE: IEC 60050-151:2001, [4],151-16-09, modified — The term "nominal value" has been
replaced with "nominal DC voltage", voltage used as reference; Note 2 to entry added.]

3.1.19

rated current

current assigned by a manufacturer or other entity to a component, device, equipment, or
system to state the maximum value for defined operating conditions

Note 1 to entry: The definition is applicable to AC and DC current. The characteristic of the current value shall be
further described, e.g.:

e continuous or transient,

e pegk, RMS, average.

3.1.2(
rated|voltage
voltage assigned by a manufacturer or other entity to a component, device,,€quipmgnt, or
systen to state the maximum value for defined operating conditions

Note 1 [to entry: The characteristic of the voltage value shall be further described, e.g.*
e continuous or transient,

. peak, RMS, average.

3.1.21
rigid pipole

rigid PC current bipolar system
bipolgqr HVDC system without neutral connection between both converter stations Figure|2

Note 1 o entry: Since only two (pole) conductors exist, ng unbalance current between both poles is possiblg. In the
event df interruption of power transfer of one converter pole, the current of the other pole has to be interrupted as
well (af least for a limited time to allow reconfiguration“ef the DC circuit).

Note 2Jto entry: See Figure 2 for an example of. &rigid bipolar HVYDC system.

HV pole 1 —
: § : E:i o I DC line or cable I T E:i i KZ :
— | U
. l
av - — —
o [ z ) ‘ - f DC line or cable ( L : :ﬁ: B

HV pole 2

IEC

Figure 2 — Rigid bipolar HVDC system

[SOURCE: IEC 60633:2019, 8.9, [3], modified — The term "rigid bipole" added and Note 2
added.]

3.1.22

synthetic inertia

capability of a grid connected converter to emulate the effect of inertia of a synchronous
generator to a prescribed level of performance

[SOURCE: IEC TS 62898-3-3:2023, 3.1.39 [2], modified — The domain <in an electric power
system> has been omitted. ]
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transition station
station providing the connection between different types of transmission line sections

Note 1
section

to entry: Transition stations are used for connecting e.g. cable and overhead line sections or several cable

S.

3.1.23

HVDC transmission line
part of an HVDC grid providing electrical connection between the DC points of connection
located in distant HVDC stations

Note 1

to entry: A transmission line may consist of several line sections. The sections can be air insulated (e.g.

overhe
connec

3.1.24
HVDC
portio
taps

[SOU
term.]

3.1.25
trans
tee pg
point
more

Note 1
DC Poi

[SOU
brack

3.2
AC/D
BB
CB
CLES
Cu
C&P
DC/D

hd lines), solid insulated (e.g. cables) or gas insulated (e.g. gas insulated lines). Different sectid
fed by transition stations.

transmission line section
n of an electric line bounded by two points which are either terminations, of the line

RCE: IEC 60050-601:1985, 601-02-30, [5], modified — "HVDC transmission" added

mission line tap

int

bn the multi-terminal electric line where portions (leading, directly or indirectly, to th
ferminations) are joined

to entry: Terminations are part of a transmission.line and can be connected to e.g. a transition statio
ht of Connection of an HVDC station.

RCE: IEC 60050-601:1985, 601-02«29, [5], modified — "transmission" added to the
pts added to the definition and note added.]

Abbreviated terms
C alternating current./ direct current (conversion)
bus bar
circuit breaker
converter local earthing switch
converter unit
control and protection

direct current / direct current (conversion)

CJ

ns are

Dr line

to the

ree or

h or the

term,

DMR
DPS
DPT
ENTS
ERTS
FCR
FRR
FSD

dedicated metallic return
dynamic performance studies
dynamic performance tests
O-E European Network of Transmission System Operators for Electricity
earth return transfer switch
frequency containment reserve
frequency restoration reserve
fault separation device

GOOSE generic object-oriented substation events

HSS
HV

high-speed switches

high voltage
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HVDC high voltage direct current

MMC modular multilevel converter
MRTS metallic return transfer switch
NBES neutral bus earthing switch
NBS neutral bus switch

OHL overhead line

OoP operating point

OVRT over-voltage ride through
PoC pointof-conmection

POD power oscillation damping

STAT[COM static synchronous compensator

SRAS system recovery ancillary service

SuU switching unit

T terminal

THD total harmonic distortion

TSO transmission system operator

UVRT] under-voltage ride through

VSC voltage-sourced converter

4 Cpordination of HVDC grid and AC systems
4.1 |About HVDC grids

No parameters identified.

4.2

No parameters identified.

4.3

HVDC grid structure

Purpose of the HVDC grid and power network diagram

To explain the AC and ;HVDC grid structure, a network diagram shall be specified showing the
grid tppology including the installations and their connections. This diagram shall cpntain

information suchjas' on the following:

AC/DC eonVerter stations,

DC switching stations,

HVDT fransmission lines (OHL, cablé or combinations thereof),

DC/DC converter stations,

AC networks showing the connection of each AC/DC converter station to the synchronous areas,
main circuit data (DC voltage level and DC voltage band),

HVDC grid topology and converter station topology for each AC/DC converter station, DC
switching station as well as each DC/DC converter station according to the nomenclature given
in Table 1,

DC earthing impedances at each AC/DC converter station and DC/DC converter station,
FSDs,
energy storages,

energy absorbers, e.g. dynamic braking devices typically used for absorbing energy from wind
farms or HV pole re-balancing after pole-to-earth DC faults.


https://iecnorm.com/api/?name=a4e1c3d26040f3299ba7c0872a1ca3f1

IEC TS 63291-2:2023 © |EC 2023 -19 -

Table 1 — Nomenclature of HVDC circuit topologies

Characteristics of the HVDC grid - Characteristics of a converter station
number of type | DC circuit earthing - | connection to | connection to station earthing
HV poles pole neutral return path
1 DC "z" not effectively - | "" pole 1 "O" none "O" none

earthed
2 "2" pole 2 "R" return "Z" impedance
"e" effectively earthed conductor )
"B" bath "E" direct
"E" earth
electrode

4.4 |AC/DC power flow optimisation

To propvide a basis for the AC/DC power flow optimization, the purposes, basi€)function
the operational concept of the combined AC/DC system shall be described. The optimi
problgm is expressed by objective function(s) and relevant boundary conditions.

The i
(PoC-

terface points between the HVDC grid and AC systems arecthe points of conn
C).

The parameters needed to perform a power flow calculatiop for AC and DC systems b

s and
zation

Bction

oth in

normdl or in abnormal operating state are listed in Table 2cand Table 3. Table 2 and Table 3

shall e specified for each AC/DC converter station or HVDC transmission line, respectiy

The 4ctive vs reactive power capabilities of an<AC/DC converter station in Table
alternptively be specified using PQ-diagrams and corresponding OP tables. All activ
reactiye power characteristics shall be stated’with respect to a given AC system v
operating range.

The sgpecification of the power flow through the AC/DC converter shall be such that

ely.
D can

e and
bltage

power

flowing from the PoC-DC into the converter and further on from the converter into the PQC-AC
shall have a positive sign as defined’in IEC 62747:2014/AMD1:2019, Figure 1.

For DC/DC converter stations-and DC switching stations, the current directions shall be glearly
defingd. The current direction shall be selected consistently throughout the entire HVDC|grid.
Table 2 — Active and reactive power characteristics for a given AC system
voltage operating range of an AC/DC converter station
Symbol Parameter Characteristic Value Unit
Upcmad ss maximum steady-state voltage at the station defined kV RMS

B at the PoC-AC
UpCmin ss minimum steady-state voltage at the station defined kV RMS
- at the PoC-AC
Prcmax ss maximum active power |maximum steady-state active power exchange MW
B between AC and DC network defined at the PoC-AC 2
Ppcmin ss minimum active power |minimum steady-state active power exchange MW
B between AC and DC network defined at the PoC-AC ?
P maximum active power |maximum temporary active power exchange between MW

ACmax_temp

AC and DC network defined at the PoC-AC ¢

PACmin_temp
AC and DC network defined at the PoC-AC ¢

minimum active power |minimum temporary active power exchange between MW
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€ Instead of Ploss rat

power losses P

loss_OP

at various operating points (OP) can be given.

Symbol Parameter Characteristic Value Unit
b AC_temp time time, for which limits of temporary maximum and s
- minimum active power apply
P|oss_ra‘ power losses power losses function of the station © MW
Omax ss(*) maximum reactive maximum steady-state reactive power exchange Mvar
- power capability chart (inductive and capacitive) depending
on active power and voltage (P,.,U,.) at the PoC-
AC
Qmin_ss(.) minimum reactive power minirpHT stleadly-‘st?te“reactiv‘e powe‘r“exch:amge ) Mvar
Ccapauliity Ciiart {muuttve almua Lapacitive ) UTpycriulimy
on active power and voltage (P,.,U,.) at the PoC-
AC
Omax tmp(.) maximum reactive maximum temporary reactive power exchange Mvar
- power capability chart (inductive and capacitive) depending
on active power and voltage (P,.,U,.) at the PoC:
AC
Qmin_‘emp(.) minimum reactive power minim_u_m tempor_ary regctive power e_x_change _ Mvar
capability chart (inductive and capacitive) depending
on active power and voltage (P,q,Upc)-at the PoC-
AC
a_ac_tbmp time time, for which limits of temporary maximum and S
- minimum reactive power apply
dpide | maximum rate of change of active power flow MW/s
dp/de | minimum requited rate of change of active power MW/s
flow
do/de, |, maximum rate of change of reactive power flow Mvar/s
dosde | minimum required rate of change of reactive power Mvar/s
flow
Tamg dlin minimum ambient minimum ambient temperature at the station over °C
- temperature which the real and reactive power capability shall be
met
Tame nlax maximuni ambient maximum ambient temperature at the station over °C
- tempesature which the real and reactive power capability shall be
met
a Ingtead of Ppbmax ss the rated active power Ppcmax ss €8N be defined at the PoC-DC.
b Insfead Of Pacmin s the rated active power Py, .. .. can be defined at the PoC-DC.
¢ Instead of P - the rated active power P can be defined at the PoC-DC
—temp BCrmax_—temp
d  Instead of P pcmin femp’ the rated active power Ppocmin temp CaN be defined at the PoC-DC.
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Table 3 — Parameters of an HVDC transmission line

- 21 -

Symbol Parameter Characteristic Value Unit
IDC_Lra‘ rated current rated current of the DC line kA DC
control mode refer to Clause 6 N/A
control mode parameters refer to Clause 6 various
Gpe DC conductance matrix? including the refer to: [Gjjl=3
dedicated metallic return conductors, Table 26 — Component data
electrode lines and earthing Earthi _b ph
impedances, if any — karthing branc
Table2F—GComponentdeata
— Standalone DC
capacitors
and DC filters of an HVDC
station
Table 28 — Component data
— DC line reactors of an
HVDC station
Table 29 — Component data
— DC lines (OHL, cable
including electrode lines)?
Upe DC voltage band vector Q/\') (U1
S\\ kv IDC
V4 ACi ix2 i [Z; ] =Q
AC impedance matrix ,\Q i
Bac AC conductance matrix2 \Q\) [B;]=9
Y
Yac AC admittance matrix? b\ [v;j]=3
IAC_I_rat AC line rated current vector (7] 3
A RMS
a8 A matrix can also be provided as network diagram including parameters.

4.5 |Converter operational functions

4.51

4.5.1.1

General

No parameters identified.

4.51.p

Basic operation functions — Converter normal operation state

AC-system frequency following a frequency / power droop

The pprameters listed in Table 4 shall be specified for each AC/DC converter station tha shall

be op ratad accordinatoan "AC svetam fraauencyvfolowina a3 freauencyv/ naower droon”
S8 aa660+HaHgt0ai—~A Sy St e quehey+oroWHhga+HeqHe Ry —+—powWwera+oo

Table 4 — Parameter list for AC system frequency following a frequency /

power droop operation of an AC/DC converter station

Symbol Parameter Characteristic Value Unit
Ppcrat rated active power rated active power exchange between AC and MW
DC network defined at the POC-AC @
Spp AC frequency / active defines the droop constant for the converter N/A

power droop

frequency

control regarding the change of the active power
reference with respect to the AC system

a

Instead of P, ., the nominal active power Py, can be defined at the PoC-DC.
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4.5.1.3 DC voltage / DC power droop

The parameters listed in Table 5 shall be specified for each AC/DC converter station that shall
be operated according to a DC voltage / DC power droop.

Table 5 — Parameter list for DC voltage / DC power droop

operation of an AC/DC converter station

Symbol Parameter Characteristic Value Unit
Upcrat DC voltage rated DC voltage, defined at the PoC-DC kV DC
Sp UD DC voltage / defines the change of active power reference in N/

- response to a deviation of the DC voltage from
DC power droop its reference value
Sioc doc DC voltage / defines the change of DC current reference in N/A
- response to a deviation of the DC voltage from
DC current droop its reference value.

4.5.2 Basic operation functions — Converter abnormal operation state

4.5.21 General

No parameters identified.

4.5.2.p Network conditions and power flow requirements

The parameters listed in Table 6 and Table 7 shall be'specified at each AC/DC converter sfation.

Table 6 — Parameters describing-the operation conditions of the

AC network at an AC/DC converter station prior to and after a fault

current

circuit current level at the PoC-
AC

SBymbol Parameter Characteristic Value Unit
P itagk_max power maximum loss of power at the MW
station due to system outages 2
Iscmin pre minimum shortscircuit minimum steady-state short- kA RMIS
B current circuit current level at the PoC-
AC prior to a fault
Iscmin| post minimum short-circuit minimum steady-state short- kA RMIS
current circuit current level at the PoC-
AC after a fault
I5cma maximum short-circuit | maximum steady-state short- kA RMIS
current circuit current level at the PoC-
AC
(X/R) }in minimum value of the N/A
X/R ratio
(X/R) max maximum value of the N/A
X/R ratio
Iscmin' minimum short-circuit minimum subtransient short- kA RMS
current circuit current level at the PoC-
AC
Iscmax maximum short-circuit | maximum subtransient short- kA RMS

events.

a8 Different values for the maximum loss of power can be specified depending on the expected frequency of
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Table 7 — Time requirements for power restoration in the event of temporary faults

Symbol Parameter Characteristic Value Unit
poffAC maximum time of interruption time due to AC ms
active power system faults, counted from fault
interruption inception until restoration of
active power to 90 % of its target
value
1 QoffAC maximum time of interruption time due to AC ms
reactive power system faults, counted from fault
interruption inception until restoration of
reactive power to 90 % of its
target value
potfDd maximum time of interruption time due to DC ms
active power system faults, counted from fault
interruption inception until restoration of
active power to 90 % of its target
value
4.5.2.8 Abnormal AC voltage conditions

The AC undervoltage ride through requirements shall be specified for each AC/DC conjerter
statioh by a diagram as shown in Figure 3 using the parametérs-listed in Table 8 (piedewise
linear| definition of the voltage versus time curve). Diffefent values can be specifigd for

symmietrical and asymmetrical faults.

Tabjle 8 — AC undervoltage ride through requirements for an AC/DC converter station

Symbol

Parameter

Characteristic

Value

Unit

Ac_Uvr

voltage level

voltage'level defining the
retained AC undervoltage during
afault at the PoC-AC at the time
defined by t,. v,

kV RNIS

AC_U\1

time

time defining the maximum
duration of the voltage level

Uac_uvr

ms

AC_Up1

number

number of consecutive
undervoltage events

N/A

The fgllowing additional information is relevant:

e T4gble 2;

ACmin_ss

The AC\overvoltage ride through requirements shall be specified for each AC/DC conperter

statioh by & d;GSIGIII as—sheown—in Fiyuuc 3 UD;IIU tHre palalllctclo listed—Fablte—S (p;cu wise
definition of the voltage versus time curve). Different values can be specified for symmetrical
and asymmetrical faults.


https://iecnorm.com/api/?name=a4e1c3d26040f3299ba7c0872a1ca3f1

- 24 — IEC TS 63291-2:2023 © |IEC 2023

Table 9 — AC overvoltage ride through requirements for an AC/DC converter station

Symbol Parameter Characteristic Value Unit

Uac ov: voltage level voltagellevel Qefining one kV RMS
- supporting point of the AC
overvoltage at the PoC-AC at the
time defined by ¢, .,

IAC ov: time time defining the maximum ms
B duration of the voltage level
UAC_OVt
"ac_ovi number number of consecutive N/A

I 4
overvortage—events

The fgllowing additional information is relevant:

e Tgble 2; U

ACmax_ss

A
ftac_ovo tac_ovi fac_ov2 tac_ov3 tac_ov4

\j

Upbs ovi N

Une ova -

Up: ovs

Un: ova

nax_ss [N\

-

min_ss

7

%

Udc uv2

Udc_uvt

~

(s)

IEC

tAC_UVO tAC_UV1 tAC_UVZ tAC_UVS

Figure 3 — Generic AC over- and undervoltage ride through
profile of an AC/DC converter station: Different values can be
specified for symmetrical and asymmetrical faults

4.5.3 Ancillary services
4.5.3.1 General

No parameters identified.
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4.5.3.2 Frequency control related services
4.5.3.21 Synthetic inertia (differential frequency control)

The coordination of power associated with primary frequency control shall be specified by the
required variation of the output power, which is calculated by:

AFsz4 Krcr1,1 - Krcriy - KrcRmg | | ARrza
Afsz; | = | Krorit -+ KFCRij ... Kpcrimg | | ARZ
AP, AR

L7825 | | KFcRiug,1 -+ KFCRugj -+ KFCRmgmg | L™ RZMR

and

g
Y Krcrk; =1 Kecryy €0
=1

The pprameters are listed in Table 10.

Table 10 — Coordination of power associated with primary frequency control

Symbol Parameter Characteristic Value Unit
'rcRradt time minimum Step response time, to coordinate with S
inertia
!EGRprby time maximum provision time, to coordinate with FRR S
JOEADBAND frequency band frequency dead band, to limit the activation to Hz
exceptional situations
Kecr ; coefficient FCR-distribution coefficient indicating the amount of N/A
T active power drawn from the sending zone i and fed
into the receiving zone j
APg, active power active power drawn from the sending zone i MW
AP, active power active power fed into receiving zone j MW
ng number number of asynchronous AC grid zones which are N/A
receiving zones
ng number number of asynchronous AC grid zones which are N/A
sending zones
4.5.3.2.2 Frequency containment reserve (primary frequency control)

If providing FCR is a relevant function for an AC/DC converter station, the parameters listed in
Table 11 shall be specified. Furthermore, the relevant AC grid code requirements shall be
included. The ENTSO-E implementation guideline "Frequency Sensitive Mode" provides further
details for grid code requirements applicable to the networks operated by the members of
ENTSO-E in Europe [6].
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Table 11 — FCR parameters for an AC/DC converter station,

parameters for active power frequency response in FSM

IEC TS 63291-2:2023 © |IEC 2023

Symbol Parameter Characteristic Value Unit
Pt max active power maximum active power limit for frequency controller MW
Pt min active power minimum active power limit for frequency controller MW
[APV/P oy active power active power range, change in Pgepo nt triggered MW
by the step change in frequency
Af frequency frequency change in AC network measured Hz
continuously by the average of the rate of change of
the AC network frequency (df/d¢) for a defined time
Span
Ja frequency target frequency in the AC network Hz
JOEADBAND frequency band frequency response dead-band Hz
[f}11inlfnax]
84 droop factor upward regulation droop N/A
Sy droop factor downward regulation droop N/A
nitial delay time maximum initial delay of activation s
el delay time maximum delay until full activation s
The fgllowing additional information is relevant:
o Tgble 2; Pycrar ss
4.5.3.2.3 Frequency restoration reserve (secondary frequency control)
If proyiding FRR is relevant for an AC/DC, converter station, the function shall be spegcified
including:
e gdins,
e time constants,
o limitations,
e dgad bands,
e activation and deractivation criteria.
4.5.3.2.4 Replacement reserves (tertiary frequency control)
If proyiding replacement reserves are relevant for an AC/DC converter station, the function shall
be specifiedrincluding:
° gajne,

e time constants,

¢ limitations,

e dead bands,

e ac

4.5.3.3

tivation and de-activation criteria.

AC voltage control related services

The function shall be specified of each AC/DC converter station according to Table 12 and

Table

13.
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Table 12 — Voltage range capability parameters for an AC/DC converter station

Symbol Parameter Characteristic Value Unit
Uncrat rated AC voltage rated AC voltage at the PoC-AC kV RMS
normal AC voltage normal voltage range for kV RMS
UpceontlUmin'Umaxl | operating range continuous operation at the
PoC-AC
Unctemp temporary AC voltage | extended voltage operating kV RMS
operating range range at the PoC-AC for limited
[Uni U ]
min_tmp’ = max_tmp time
Utmp time for extended time for temporary operation S
voltage operating defined for each range
range
Table 13 — Reactive power capability parameters for an AC/DC converter station
Symbol Parameter Characteristic Value Unit
O(Upd) function reactive power depending on the Mvar
AC voltage at the PoC-AC
AQ1At ramp rate ramp rate of reactive power Mvar/g
4.5.3. Power oscillation damping services
4.5.3.4.1 General
No parameters identified.
4.5.3.4.2 Electromechanical oscillations

The pprameters listed in Table 14 shall*be specified for each AC/DC converter station.

Table 14 — Parameters describing electromechanical oscillations

Symbol

Parameter

Characteristic

Value

Unit

fPOD

lfPODn inlfPODmax]

frequeney range

frequency range of oscillations to
damp

N/A

Hz

no symbol

control mode

control mode of this POD
controller to specify if the
response is in active or reactive
power modulation

N/A

integs

=

no symbol

Operating conditions

Conditions of the network to

N/A

varioys

Teproduce the frequency range
of oscillations (topology and load
flow conditions, i.e., elements in
service, generation and
consumption levels, substation
arrangement, etc.)

no symbol

Event

Type of event to reproduce the
frequency range of oscillations

N/A

various

4.5.3.43

No HVDC grid-specific parameters.

Sub-synchronous torsional interactions
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4.5.3.5 System restoration services

4.5.3.5.1 General

No parameters identified.

4.5.3.5.2 Restoration from blackout

The capabilities of the HVDC grid to restore connected AC systems or parts thereof after
blackout shall be specified using a simplified representative test network.

For each relevant AC system, the fnllnwing information shall be specified.

e Tgst network topology,

e D4gta of the network elements,

e Sdquences to be demonstrated in the test network,

e Minimum DC short-circuit current to be provided by the relevant AC/DC eonverter stafion,

e Figld tests.

In addition, the source and the MVA-rating for auxiliary power shall be specified.

4.5.3.5.3 Post-AC fault active power recovery

The pprameters are listed in Table 15.

Table 15 — Parameters describing post-fault active
power recovery at an AC/DC converter station

recover P

Symbol Parameter Characteristic Value Unit
PoostrauLt Post fault active MW
power recovery
tposTEAULT Time in which to specifies (together with Ppqr. s

FauLT) @ point of lower limits of

active power recovery (measured
from ¢, 1 = 0)

5 HVDC grid.characteristics

5.1 HVDEC-circuit topologies

5.1.1 | ~Availability and reliability

The requirements for availability and reliability of the individual components, systems or
subsystems shall be specified according to overall transmission system planning aspects.

5.1.2 Basic characteristics and nomenclature

The characteristics of the HVDC grid shall be specified according to Table 16.

Table 16 — Characteristics of the HVDC grid

Characteristics of the HVDC grid

Number of HV poles

DC

DC circuit earthing

DC
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5.1.3 Attributes of HVDC grids or HVDC grid subsystems
5.1.3.1 Number of HV poles

No parameters identified.

5.1.3.2 DC circuit earthing

The parameter for DC circuit earthing is a global parameter for the entire HVDC grid and is
listed in Table 17.

Table 17 — DC circuit earthi |

Symbol Parameter Characteristic Value Unit
Upcdish effectively earthed / non- low / HV displacement in the event of a %
effectively earthed single DC pole to earth fault, expressed by

the voltage change of the unfaulty pole
referenced to the rated DC voltage of that

pole
Z g arth effective earthing equivalent earthing impedance inclydingall Q
impedance active earthing points in the HVD@, grid,
used to calculate short-circuit gurrents
no symbol number of earthing points number of earthing points that are active for infeger
in operation each operation mode of the entire HVYDC
grid

5.1.4 | Attributes of an HVDC station
5.1.4.{ Connection to HV poles

A statjon can be connected to HV pole 1, HV pole 2, or both. The connection to HV poleg shall
be specified for each AC/DC converter station individually according to 8.4.1.1.

5.1.4.p Neutral return path

In an|HVDC grid, a combination of the types of return paths may apply. A network diagram
showihg how the individual converter stations are connected, including elements such as|lines,
nodeg and earth connections shall be provided.

The r¢turn path can be different for different parts of the HVDC Grid.

The pprameters)to be specified for each return path are listed in Table 18.
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Table 18 — Parameters for each return path
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Symbol Parameter Characteristic Value Unit
ER earth return "sea electrodes", "land N/A
electrodes" or "none"
MR dedicated metallic "yes" or "none" N/A
return
RB rigid bipole "yes" or "none" N/A
Ipcret_rat DC current max. steady-state design DC kA DC
eurrert-of-the—tetura-peath-2
ocret |rat maximum duration at maximum permissible duration of hours
IDCret_rat operation at rated DC earth
return current ® through the
return path
a8 Can be relevant for earth electrodes, earth return paths or station earthing system design/
b Can be relevant for earth electrodes, earth return paths or station earthing system(design.
5.1.4.8 Station earthing

The darthing of an AC/DC converter station shall be speCified for each station indivi

accor
Table

5.2

The c
8.4.2.

shall be coordinated throughout the HVDE grid at all times when operating.

5.3

5.3.1

No parameters identified:

5.3.2

No parameters-identified.

5.3.3

Possi

jing to 8.4.1.1. The parameters of the earthing branch shall be specified accord
26.

Connection modes

bnnection modes of the individual HVDC:grid installations shall be specified accord
1 for AC/DC converter stations or 92.3.2.1 for DC switching stations. Their appli

Grid operating states

General

Normal state

Alert state

dually
ing to

ing to
Cation

ble system contingencies shall be described.

5.3.4 Emergency state

No parameters identified.

5.3.5 Blackout state

No parameters identified.

5.3.6 Restoration

No parameters identified.
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5.4 DC voltages

5.4.1 General

For each DC voltage level, including HVDC poles, lines and neutral points as well as return
conductors, if any, within the HVDC grid the respective voltage levels shall be defined. These

levels should be coordinated throughout the HVDC grid. The voltage values stated in this
Subclause 5.4 shall be specified for each PoC-DC.

The levels describing the temporary DC pole to earth voltage profiles are illustrated in Figure 4.

U

Some ms Some 10 ms Some 100 ms Some s Some 10 s t

Arrester ;lmita tion

Ubc_ov1

ZDc_ovz \\\\\\\\i\\\\
e NN

Uncmin, uv2
Upcred W
re \\

\\

Reduced DC voltage operation

777

;De-ionization of\DC

Y OHL
o %
8| Yoc_uvi, uvs :
: S RmEmmm e
3 7
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waves;
resonances
Zi4
7
UDCopp - i -3 ' an bt e 20t ettt
tpcivio focopp ifbc_uvti Ibc_ova fbcuv2  tpoc uvs i
foc_ ov1  Ibc_ov2
Rélevant for:
Transient .
stresses/ ... oOvervoltage /Dynamic Performance ye._ oadFlow |
mnsulatian
coordination Protection Coordination
‘______)4_ ___________________________________________________ _}

IEC
[Source: Based on copyright Cigre Technical Brochure 657 '[7]
Figure 4 — Temporary DC pole to earth voltage profiles at a PoC-DC

In cases where the positive and negative nominal pole voltages are different, provide a
characteristic for each pole.

1 Reproduced from Cigre Technical Brochure 657, with the permission of CIGRE.
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The nominal DC system voltage shall be specified for each PoC-DC. The parameters are listed

in Table 19.

The nominal voltage can be stated as the voltage with respect to earth (default) or with respect
to neutral. If the nominal voltage is stated with respect to neutral, the entries in columns

"Parameter" and "Characteristic" in Table 19 will have to be changed accordingly.

Table 19 — Nominal DC system voltage at a PoC-DC

ymbot Parameter Characteristit Vatue Uit
Ubcpde_n_pos DC voltage to earth nominal value _of the positive DC KV DQ
pole voltage with respect to
earth
Ubcpde_n_neg DC voltage to earth nominal value _of the negative DC kV D
pole voltage with respect to
earth
5.4.3 | Steady-state DC pole voltage
The pprameters listed in Table 20 shall be specified for each PoC-DC.
Table 20 — DC pole voltage range-parameters at a
PoC-DC of an HVDC station)—-“Steady-state
Symbol Parameter Characteristic Value Unit
Ubcpde_max DC voltage to earth maximum absol_ute value of the kV DQ
DC pole‘operating voltage range
Ubcpde_min DC voltage to earth minimum absolute value of the kV DG

DC pole operating voltage range,
including reduced DC voltage
operating level, if any

5.4.4 | Temporary DC pole voltage

The pprameters listed 'in’ Table 21 and Table 22 shall be specified for each HVDC statign and
each of its PoC-DGC.,

Table 21 — DC pole voltage range parameters at a PoC-DC
of an HVDC station — Temporary undervoltages

Symbol Parameter Characteristic Value Unit
Upc_uvi DC voltage to earth min_imum retained DC voltage kv DC
during a DC fault
!bc_uvo time fault inception time s
bc_uvi fault duration measured from fault inception s
bc_uv2 time specifies a point of lower limits s
of DC voltage recovery
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Table 22 — DC pole voltage range parameters at a PoC-DC
of an HVDC station — Temporary overvoltages

Symbol Parameter Characteristic Value Unit
Upc ov1 DC voltage to earth overvoltage level 1 kV peak
Upc ov2 DC voltage to earth overvoltage level 2 kv DC
Upc ova DC voltage to earth overvoltage level 3 kv DC
Upc ova DC voltage to earth overvoltage level 4 kV peak
Uncodp DC voltage to earth transient DC voltage in opposite k\/ pepk
polarity
oc ovo time time during which the ms
- overvoltage is solely limited by
arresters
he o1 time Upc ovq Overvoltage during ms
Ipc_ovi ~ Ipc_ovo
oe oV2 time Upc ovo Overvoltage during ms
Ipc_ov2 ~ Ipc_ovi
oc oVs time Upc ovs Overvoltage during ms
Ipc_ovs ~ Ipc_ov2
oe oV time Upc ova OVervoltageduring ms
Ipc_ova ~ Ipc_ev3
'bcopn time time of oppesite DC voltage ms
polarity
oe_oV(n) time Usé ovn) overvoltage during ms
oc_ov(n) ~ 'pc_ov(n-1)
5.4.5 DC neutral bus voltage
Typical levels describingithre DC neutral bus, if any, to earth voltage profiles are illustrated in
Figure 5 and listed in~Fable 23. The characteristics shall be specified for each PoC-DC.
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Figure 5 — Generic neutral bus voltage profile at a PoC-DC
The fgllowing information is relevant:
e Tgble 20
e Tgble 22
Table 23 — DC neutral bus voltage range parameters
Symbol Parameter Characteristic Value Unit
Upc_NB_ov1 DC voltage to earth overvol_tage level 1, arrester kV pepk
protective voltage
Upc_NB_ov2 DC voltage to earth overvoltage level 2 kV DQ
Upc_NB_piak DC voltage to earth maximum value of the DC kV D(
neutral bus voltage or at the
return path
Upc_ne_rat DC voltage to earth rated voltage at DQ neutral bus kv DC
or the return path, if any
!bc_NB_OV1 time Time during yvhich the. ‘ ms
overvoltage is solely limited by
arresters
'bc_NB_OV2 time UDc_ovz overvoltage during ms
Ipc_ov2 ~ pc_ov1
due to DC switching actions and
changes of operating mode
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5.5

Insulation coordination

For each PoC-DC, including HVDC poles, lines and neutral points as well as return conductors,
if any, within the HVDC grid the insulation levels listed in Table 24 shall be defined. These
levels should be coordinated throughout the HVDC grid.

The voltage profile along HVDC transmission lines during transient events or due to voltage

and c

urrent distortions should be considered [8].

Table 24 - Insulation levels at a PoC-DC

ymbot Parameter Characteristit Vatue Uit

Upc diwe insulation level switching impulse withstand KV, pepk
- voltage

Upc dires it residual voltage residual voltage at current i1 kV pepk

Upc dires i2 residual voltage residual voltage at current i2 kV pepk

Upc dwe insulation level lightning impulse withstand kV pepk
- voltage

5.6 |Short-circuit characteristics

5.6.1 Calculation of short-circuit currents in HVDC /grids

The chlculation of short-circuit currents can be performed according to the following pringiples.

For thie calculation of short-circuit currents basedon converter and component data the yalues

listed|in Table 25, Table 27,

Table|28 and Table 29 shall be specifieddor each HVDC station. The values listed in Table 29

shall [be specified for each HVDC transmission line or HVDC transmission line sdction,

respettively.

e T(d specify the transient behaviour of the short-circuit current after fault initiation takirg into
acicount the C&P system. of-the converter stations as well as the data of the complete system
(tgpology, line configuration, operational DC voltage, etc.), the data in Table 30 shall be
specified at the PoC-DC.

Table 25 — Maximum converter current of an HVDC station into the HVDC grid
Symbol Parameter Characteristic Value Unit
Inc sémax current Maximum peak short-circuit kA pepk
- current fed by the converters of
the HVDC station
ipc scCtherm current waveshape, Maximum short-circuit current kA
- diagram vs. time characteristic as fed by
inc sctherm=1(1) the converters of the HVDC
- station relevant for the thermal
rating of equipment
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Symbol Parameter Characteristic Value Unit
Ce capacitance uF
Le inductance mH
Re resistance Q
Table 27 — Component data — Standalone DC capacitors
and DC filters of an HVDC station
Symbol Parameter Characteristic Value Unit
Ce capacitance uF
L inductance mH
Re resistance Q
Table 28 — Component data — DC line reactors of@n HVDC station
Symbol Parameter Characteristic Value Unit
Ly inductance (\Q mH
Table 29 — Component data — DC lines (OHL, cable including electrode lines)3
Symbol Parameter Characteristic Value Unit
Lig Line-earth inductance maohopolar/bipolar; loop: line-to- mH/km
earth per length for each line
Z Line-line impedance bipolar; loop: line — line per Q/km
length for each line
Ce capacitance line-to-earth for each line nF/km
CL capacitance line-to-line for each line nF/km
¢ line lengths for each line km
p electrical resistivity of | for each line Q-m

the soil

TH
P4

e tower‘or-cable geometry together with the length and the DC resistance may be provided instead pf the
rameters in Table 29.

The following information is relevant:

e Table 3.

For each HVDC station, a short-circuit current characteristic as seen on the PoC-DC shall be
specified. This characteristic shall include the contributions of capacitors, reactors and filters,
if any, that are part of the HVDC station.
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IEC
[SOURCE: IEC 61660-1:1997, Figure 2 [9]]

Figure 6 — Standard approximation function
The pprameters are listed in Table 30.

Table 30 — Short-circuit current parameters at a PoC-DC

SBymbol Parameter Characteristic Value Unit

ip instantaneous current p‘eak‘current in case of a short- kA pepk
circuit

t time to peak related\to the peak current ms
I steady-state current after decaying of all oscillations kA DQ
T, duration short-circuit duration ms
7 time constant rise-time constant s
7y time constant decay-time constant s

The short-circuit current contributions of parts of an HVDC grid that are connected viala DC
short-circuit current limiting device are to be specified according to the standard approxiration
functipn demonstrated by the wave shape of Figure 6.

5.6.2 Short-circuit current design requirements

Parameters defining the design of the HVDCT grid with respect to all shori-circuit current
contributions are to be specified according to the standard approximation function demonstrated
by the wave shape of Figure 6.

5.7 Steady-state voltage and current distortions
5.71 Emissions and impacts

The parameters listed in Table 31 are necessary to calculate voltage and current distortions at
a PoC-DC as a superposition of the voltage and current distortions caused by the converter
station as well as the pre-existing distortions in the grid.
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Table 31 — Equivalent impedances for calculating
voltage and current distortions at a PoC-DC

impedance

from the PoC-DC into the station
at frequency f°©

Symbol Parameter Characteristic Value Unit
Z g grid impedance equivalent impedqnce as seen Q
from the PoC-DC into the grid at
frequency f (self-impedance) @ b
Zstation) HVDC station equivalent impedance as seen Q

The equivalent network impedances will be different for pole mode and ground mode distortions. More details

ol R B . ¥ b Jorian R lo Qa4 rany
arg-aescrioet - otgre—recnmcarorocnre o T T [ To7:

b THe equivalent network impedances will be different for different system configurations, e.g. (Bipolar vs
menopolar conditions, return path configurations, HVDC station impedances including passive_as well as
cgntrolled parts. The equivalent network impedances for different system configurations_can/for djstinct
fregquency ranges be aggregated into equivalent impedance sectors.

¢ THe equivalent HVDC station impedances will be different for different configurations{.of the HVDC dtation

ingluding passive as well as controlled parts, e.g. different number of converter units,in bipolar vs mon¢polar
cqgnditions, return path configurations.

Table|32 lists the pre-existing voltage and current distortions.

Table 32 - Pre-existing DC voltage and current‘distortions at a PoC-DC

Symbol Parameter Characteristic Value Unit
Ugrig(H grid voltage distortion pre-existing valtage distortion at V RMB
frequency 1
I/ grid current distortion distortien.current flowing at A RMB
frequency 1

Table|33 lists the planning levels and’/permissible DC voltage and current distortion limi{s that
shall be specified for a PoC-DC.

and current distortions at a PoC-DC

Table 33 — Planning levels and permissible DC voltage

Symbol Parameter Characteristic Value Unit

Uplan ) planning voltage level p!anning Ieve_Is for voltage V RMB
distortion emission

Iplan(f planning current level p!annipg Ieve.ls for current A RMB
distortion emission

Us‘atiw(ﬂ distortion voltage limit | limits for distorting voltage V RMB
emission for the station;
Ulim(f) < Uplan(f)

Igiation) distortion current limit Iimi_ts _for distorting cgrrent A RMS
emission for the station;
[Iim(f) < Iplan(f)

Table 34 lists parameters necessary to calculate voltage distortions at a remote bus in the
HVDC grid caused by voltage and current distortions of the converter station connected to the

PoC-DC.
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Table 34 — Coupling factors for calculating voltage distortions
at a remote bus caused by emissions at a PoC-DC

Symbol Parameter Characteristic Value Unit

Zcoup_b 03] grid impedance equivalent impedance between Q
the PoC-DC and a remote bus b
at frequency f (coupling
impedance)

factor ratio of the coupling impedance %
between bus b and the PoC-DC
and the self-impedance as seen
from the PoC-DC (coupling

foatac)
Tactory

Coup_bm

ZCoupb (f)H

Hegupy (f )‘{ 7 )
Grid \-

5.7.2 Rights and obligations of a connectee

No parameters identified.

5.7.3 Similarities between HVDC grids and AC networks

The pprameters are included in 5.7.1.

5.7.4 Voltage and current distortion limits

The pprameters are included in 5.7.1.

5.7.5 Allocation of limits to individual'connectees

The pprameters are included in 5.7.1.

5.7.6 Frequency-dependentDC system impedance

The pprameters are listed in Table 35.

Table 35 — Specification of DC system impedance

Symbol Parameter Characteristic Value Unit

Jrmax maximum frequency maximum frequency to be Hz
evaluated

Jmin minimum frequency minimum frequency to be Hz
evaluated

Af frequency step frequency step between two Hz
consecutive frequencies
evaluated

NOTE 1 IEC 61000-4-7 requires Af = 5 Hz [11]

NOTE 2 Alternatively, for small HYDC grids the harmonic impedances of the individual elements of the HVDC grid
together with the topology and potential operational configurations of the grid can be specified.

5.8 DC system restoration
5.8.1 General

No parameters identified.
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5.8.2 Post-DC fault recovery

The requirements for post-DC fault recovery shall be specified for each protection zone
individually.

5.8.3 Restoration from blackout

The HVDC stations to be foreseen to provide SRAS-DC shall be specified. The specific
requirements applicable to this function are specified in 8.4.2.7.

6 HVDC grid control

6.1 [Closed-loop control functions
6.1.1 | General

No parameters identified.

6.1.2 Core control functions

No parameters identified.

6.1.3 Coordinating control functions

No parameters identified.

6.2 |[Controller hierarchy
6.2.1 General

No parameters identified.

6.2.2 Internal converter control

No HYDC grid-specific parameters identified.

6.2.3 DC node voltage control

Settings for control modes and related parameters (if any), such as Ppger and Upcef for a
certaip OP are ineerporated in the converter schedules (see Table 43).

In the|caseofidroop control modes, Table 36 lists the relevant parameters.
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Table 36 — DC node voltage control parameters

Symbol Parameter Characteristic Value Unit

N number of sections number of sections with integer
(different) droop characteristics;
all sections are defined within
the range between Uy i, and
UDCmax

ksection x droop linear povyer_-voltage_ MW/kV

- characteristic at section x

P ax power Ipowerfet pgint for DC voltages MW
tower-thertsemm

Poin power power set point for DC voltages MW,
higher than Upcax

Upcmix voltage maximum DC voltage set point kV

Upcmih voltage minimum DC voltage set point kV

tg settling time time required for DC node ms

voltages to settle to a new
reference value after sudden
changes, typically defined for a
precision within x % absolute
distance to new reference value

A seclion can be defined in different ways. Figure 7 shows an example of piecewise linear|droop
charagteristics. If other characteristics are used for_ 6ne or more sections, respective ghape

paranmeters similar to the linear slope coefficient

in Table 36 shall be given.

Section_x

=y
= Conyérter control mode
a characteristic
Prnax r—c === o8 2o e
Pref + -}
S —t . : >
UDC,mln UDC,ref UDC,max UDC (kV)
Pmin T

IEC

Figure 7 — Typical DC node voltage control modes
(illustration in DC voltage/power plane)

6.2.4 Coordinated HVDC grid control

6.2.4.1 General

For proper communication within the entire HVDC grid the communication protocols used, as
well as interface conventions, such as signal format including units and scaling shall be

specified.
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In Table 37, measured system state variables and essential equipment status signals are
summarized that have to be communicated continuously within the HVDC grid for proper
coordination.

Table 37 — System state variables and equipment status signals (interface list)

Symbol Parameter Characteristic Value Unit

no symbol switches status status messages boolean
(opened/closed) of switches
related to all nodes connected to

the HVDC grid

|||eaawcd DL; CUurrerlit LiIIUuy;I dii i\l‘\
HVDC transmission lines

DCmebs UL e CUTrTeTIitS

DC node voltage measured DC voltage at all KV

electrical nodes

DCmgas

In addition, the provisions of Table 45 are also required for proper coordination in this dontrol
layer.

6.2.4.p Autonomous adaptation control

The autonomous adaptation control layer is realized by a set of rules. Each rule is defirled by
one of more observations that activate at least one corresponding countermeasure.

The sgt of all rules shall be known to all converter stations of the HVDC grid. These ruleg have
to be faken into account for the converter design and in the implementation of C&P funcfions.

Table|38 defines a general interface (signal.list) for any rules implemented in the autongmous
adaptption control layer of a converter statign.

Table 38 — General interface (signhal list) for autonomous adaption control rulep

Ihterface Characteristic Format
pfirameter
rule 1D unique identjfier of a rule integqr
rule sfatus_X operational status of the rule (i.e., if the rule is "activated" in the boolean
autonemous adaptation controls of converter station X)
rule pfiority priority of a rule, i.e., the active rule with highest priority is the only one integdr
being effective
obserjation 1D unique identifier of the observation (single variable/threshold comparison or integdr
set of observation criteria) which corresponds to the rule
holding.time minimum duration for which the threshold(s) in the associated observation real
have ta bhe violated (hpfnrp countermeasures are activated)
countermeasure one or more identifiers for all countermeasures that shall be triggered integer
ID(s) according to this rule
comment labelling and description of the purpose and context of the rule string

A rule shall be triggered based on threshold violation of a single observation variable (detection
of an abnormal condition) or a set of observations constituting a whole "event pattern"
(identification of known contingency situations in the HVDC grid).

At least one countermeasure shall be associated with each rule.

Table 39 defines the general interface (signal list) required for defining observations for
detection of abnormal conditions.
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Table 39 — General interface (signal list) for defining an observation

Interface Characteristic Format
parameter
observation ID unique identifier of the corresponding observation integer
observation one or more physical quantity (e.g., measurement signals) to be compared string
variable(s) against the threshold parameters
threshold(s) one or two threshold levels (e.g., upper/lower tolerance values) for each real
variable to be observed
comparison mode mode of comparing the observation variable with the defined threshold(s) string
(e.g., "larger / less than" or "within / outside the band" in the case of two
tiresnoids)

Once [the observation threshold is violated, a counter shall be triggered that will .activate the
countermeasure(s) of the associated rule when the "holding time" is exceeded. (see Tablg 38).

Table| 40 defines the general interface (signal list) for characterizing the correspgnding
countermeasure action(s) of a rule. Every defined countermeasure shall"be associated with at

least pne rule.

Table 40 — General interface (signal list) for defining countermeasures of rules

Ipterface Characteristic Format
Parameter
countgrmeasure unique identifier of the corresponding countermeasure action integdr
ID
convdrter ID ID of the HVDC station where this fule is to be implemented integdr
paranjeter DC node voltage control parameter that will be modified by this rule (i.e., set | string
point value, droop parameter, etc.)
modification mode | type of modification that-is ‘performed on the respective parameter (e.g., string
"discard old and replaCe by new", "add delta value", multiply by factor, etc.)
modification value | value of the implemented modification (effect depends on the type of real
modification)

6.2.4.3 HVDC grid(control

The general propagation of information in the HVDC grid is given by the "converter scheflules"
as defined in Table 43. These represent the flow of orders and parameters from the AC/D[C grid

contrql at the {top layer to the DC node voltage control at the bottom layer (see Figure 8)

In additionto this, the interface parameters from Table 41 are required from the HVD(C
Contr e a ontra nd oordin a-tha onnaction a H\/D on o-tha H\/D

As for the converter schedules, these interface parameters always refer to a specific H
station.
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Table 41 — Interface parameters required from the HVDC grid control layer

Interface Characteristic Format
Parameter
DC connection request for the respective HVDC station to change its DC connection to this integer

mode (HV poles) new mode (see 8.4.2.1, 9.2.3.2.1 and Table 55 for definition of possible
transitions)

earthing (neutral request to switch-on the earthing or remove it from the neutral point of the boolean
point) HVDC station
switching time desired time for putting the requested changes on DC connection mode or real / time

earthing into effect; this shall be a reasonable point of time in the future

rule nyamagemnTeTnTt {tempoTrary)activatiom or deactivation of Tutes 1T tTe autoTTonous adaptation DO0IEaNn
layer (see Table 38); this can be required in the case of active rules
preventing a superordinate coordination by the HVDC grid control

6.2.5| AC/DC grid control

Accorgding to the current market conditions, all relevant TSOs will add their active and refactive
powel orders as defined by the list in Table 42, indicating a general interface (signal list),.

The cprresponding parameters have to be given for each HVDG station.

Table 42 — General interface (signal list),fororders from TSOs

Intjrface Characteristic Format /
pargmeter Unit
Prcorder desired active power for a given HVDC station / PoC-AC for the next dispatch or MW
control cycle
4P am desired ramp rate for implementingthe desired active power reference value at MW/s
the given HVDC station
Oorder desired reactive power for a given HVDC station / PoC-AC for the next dispatch Mvar
or control cycle
49 am desired ramp rate for imptementing the desired reactive power reference value at Mvar/p
the given HVDC station

The fgllowing information ‘is relevant:
e Sybclause 5.4.

6.3 |[Propagation of information
For conyenience, the principal signal exchange is again illustrated in Figure 8. This shows the

top-dgwnpropagation of the dispatched converter schedule (black arrows) as well 3s the
bottom-up back propagation of modifications and station information (blue arrows).
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Triggered by an
unscheduled event

/

e \

RN R
v 5 ’ AC/DC grid | |
Coordinated HVDC grid control D : control ) ;
ey e
b o : | A |
For N HVDC stations i Hgggglr'd < : |
e 5 P ) Converter schedules i
i . - N b (initial) :
: Continuously / Autonomous || i | A ; ! i
i operating ‘ adaptation | : E ] 1 ;
i . control | Propagated or modified ;
i * T — COTIVETtET 7
| A\ 1 H e
i e ™ i : ;
| DC node E D i R
i 4 voltage control | ring| converter |
e ~ o~ - schedules |
; Internal | i
| converter ;

\ control ) Internal Station information (e.g. status, limitationS..méasurements)

S - references + feedback on modifications to convertef sehedules
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Figure 8 — Generation of final converter schedules including
converter control modes and its parameters

The definition of the "converter schedules" is given in Table 43 in the form of a general intgrface
(signd| list).
Note that this constitutes the minimum set of information that is required for control fungtions
in thelindividual control layers.

The interface and the flow of informatiof?in Figure 8 only applies to HVDC stations that can

actively control the power exchange with the HVDC grid.

Table 43 — General interface (signal list) defining a "converter schedule”
Ipterface Characteristic Format /
parameter Unit

activeg power desired steady-state active power at the point of control MW

refergnce

DC vqltage desired steady-state DC voltage at the point of control kV

refergnce

reactiye power desired steady-state reactive power at the point of control Mvar

refergnce

AC vqltage desired steady-state AC voltage at the point of control kV

reference

control mode control mode for DC quantities; each mode shall be specified by a unique integer
integer number that shall be consistent throughout the HVDC grid

parameters for additional parameters for the chosen control mode (e.g. droop real

control mode characteristics), see Table 36

active power ramp | speed of implementing the desired active power reference value at the given | MW/s

rate HVDC station

reactive power speed of implementing the desired reactive power reference value at the Mvar/s

ramp rate given HVDC station

DC voltage ramp speed of implementing the desired DC voltage reference value at the given kV/s

rate HVDC station

AC voltage ramp speed of implementing the desired AC voltage reference value at the given kV/s

rate HVDC station



https://iecnorm.com/api/?name=a4e1c3d26040f3299ba7c0872a1ca3f1

— 46 - IEC TS 63291-2:2023 © |IEC 2023

The schedules are initially dispatched by the highest-level controls (AC/DC grid control) and
propagated through all lower-level control layers.

Each HVDC station receives its own converter schedule, comprising values for both active and
reactive power control, if any. During normal operation, this converter schedule has to be
respected by the AC/DC converter station until the next dispatch cycle.

If modifications to one or more dispatched values in the converter schedule are performed by
lower-level controls (if e.g., required due to short-term contingencies) as illustrated in Figure 6,
these changes shall be reported back to the higher-level control layers. This information is to
be incorporated into the station information (blue arrows in Figure 8).

In addition to the dispatching of the power flow-related set values in the converter(schedule,
the prppagation of switching commands is performed in a similar way as depictedcin-Figyre 9.

Station information (e.g. status, limitations, measurements)

Opkrate switches )
— + feedback on success/completion of switching

s ) |
) i ! Ac/DC gri i
Local switching /" Coordinated HVDC grid control N i control |
commands i 4 S |
| 4 Ve | | A4 |
For NHVDC stations i ‘ Hggggl”d H— — =+ — —! E
D Ei ittt i N N Switching commands
: - i % (if applicable) !
i ( : ; | 4 ! ! |
| Open-loop controls F—;— —_——_——— = —_——_—— | ] I B
i N Y, i Initiate Switching commands |
! ) [ ) i\ orpropagate (if applicable) i)
b ~ Checkifno | - i Y
i | sluitch | interlocking ! ey 1l !
i cohtrols — conditions :
RN |
i Decompose transition into |
| * sequence of commands !

IEC
Figure 9 — Propagation’ of switching commands to individual HVDC stations

As for the converter schedules, the minimum set of information for the switching commahds is
summiarised in the interface list of Table 44. The definition of the connection modes is given in
8.4.2.11 for converterstations and in 9.2.3.2.1 for switching stations.

Table44 — General interface (signal list) defining "switching commands"

Interface Characteristic Format /
parameter Uit
DC connection Desired (next) connection mode to which the PoC-DC should be switched.
mode
Earthing mode Desired (next) earthing mode to which the HVDC station should be
switched.

According to the distinction between the converter schedule and the switching commands, the
"station information" for reporting the conditions of the HVDC stations back to the higher-level
controls is also split in two parts:

e information on the physical quantities of the HVDC station is given in Table 45,

e information regarding the control states of the HVDC station is given in Table 46.
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This constitutes the minimum set of information that is required as feedback for control functions
in the higher-level control layers.

Table 45 — General signal interface (physical quantities) of the "station information”

Symbol Interface parameter Characteristic Value Format/
Unit

measured active measured active power at this MW
power HVDC station. Since this is

propagated to the higher levels
of the HVDC grid controls, this
will typically refer to DC power.

Pmeas

measured DC voltage | actual measured DC voltage at kV
each of the PoC-DC at the HVDC
station.

DCmgas

measured reactive actual measured reactive power Mvar
power at this HVDC station.

Qmeas

measured AC voltage actual measured AC voltage at kV
the PoC -AC of the HVDC
station.

ACmgas

max’ [Pmin power limitations limitations for the active power MW

capability of this HVDC station¢
These may be different from¢the
actual rating due to exterpal
influences and internal design
parameters (e.g. state of*cooling
system, power elegtronics, etc.)
refer to Table 2.

Omax' 1Pmin Reactive power limits limits for the reactive power Mvar
capability of the converter station

DC voltage profile(s) tolerablesmaximum and minimum list of
valuesfor the DC voltage and tuples:
allewed durations, may be
different for each PoC-DC kV, s
depending on type of connected
HVDC line (e.g. submarine
cable), has to account for
manufacturer's transient over-
voltage specifications (refer to
Table 21 for the definition of
voltage profiles)

DCmax’ ~ DCmin
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Table 46 — General signal interface (control parameters) of the "station information™

Interface Characteristic Format/
parameter Unit
active control active control mode of this HVDC station integer
mode
parameters for all required parameters for the currently active control mode of HVYDC various,
active CM station real-valued
DC connection current DC connection mode (HV poles) for the given HVDC station integer /
mode string
DC connection options for possible transitions of the DC connection mode (see 8.4.2.1, integer /
optiorns 92732 tama-Tabte 55) onty Tequited i tramnsitions are to becoordimated STy
globally by the HVDC grid control
earthing mode current earthing mode of the HVDC station (e.g. none, solid or via arrester) integdr /
string
earthing mode options for changing the earthing of the HVDC station during operation (if integgr /
optiorls any) string
limitafion strategy priority of power limitation strategy, i.e., if active or reactive power will be integdr
limited first (see Table 64)
state pf limitation indication of whether limitation is currently active in the HYDC"station. If boolegn
active, the result of the limitation can be observed by comparing the
reference values (Table 43) to the max/min values
(signalled by this Table 45)
operafing state state in which the HVDC station is currently operating (see Figure 10) integdr
autonpmous indication of whether autonomous adaptatiofi controls are generally enabled Boolepn
adaptption for the respective HVDC station (if applicable).
contrgls status
activg autonomous | ID of the currently active rule (if any) ef the autonomous adaptation controls Integgr
adaptption control of the HVDC station. The set of rule/IDs shall be consistent throughout the
rule HVDC grid.
6.4 |[Open-loop controls
6.4.1 | Coordination of connection modes between HVDC stations and their PoC-DC
The reconfiguration timings: as specified in Table 55 (AC/DC converter stations) or Table 71
(DC spwitching stations), «espectively are relevant.
6.4.2 | Operating sequences for HVDC grid installations
Figure 10 illustrates the principal state transitions for equipment in HVDC grids.

Adapting DC
voltages -

~
"Ready to connect”

Wnecting
-

/A/Stopping

DisconneN

adaptation of

- DC voltages e N
( . " H n
"Energised" : Emergency No-load operation
Y ya shut-down(s) N J
. \/ oo
. A ~ A :
Energising De-energising f "NOT ready" J 4 De-loading Loading
" 4 V.
a PN ‘A Preparing to energise i e, Ve ~
| "Ready to energise” | — " | "On-load operation"
\ - Shutting down N Y
IEC

Figure 10 — Operating sequences as transitions between operating states
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The parameters in Table 47 are required in order to provide a unified description for operating

sequences.
Table 47 — Unified description of operating sequences
Symbol Parameter Characteristic Value Unit
maxy Maximum time for maximum tolerable duration after which sequence S
step "X" step "X" has to be completed. This may refer to
commands or status messages in the control
system as well as feedback messages from any
associated primary components (e.g. switching
components).
!max_skq maximum time for maximum time allowed for completing an operating J
- sequence completion sequence. This has to be specified in order to
guarantee a timely response of the HVDC station.
If this time is exceeded, the requested operation is
set to status "failed".
AUpcfiss DC voltage maximum difference between measured DC
voltage on the terminals of a switch before closing
the switch
Alerds DC current maximum residual DC current before opening)the A\
switch.
6.4.3 Post-DC fault recovery
The pprameters are listed in Table 48.
Table 48 — Parameters for recovery sequences after DC line faults
Symbol Parameter Characteristic Value Unit
t4eion time chosen to duration @fter which the air surrounding the faulty J
account for de- element(e.g. arc) is expected to be deionised such
ionization that-a certain withstand voltage can be achieved.
4 pedo time of DC voltage time after which the DC voltage has recovered to J
B recovery 90 % of its target value.
s pedo time of active power time after which the active power flow has been J
- restoration restored to 90 % of its target value (at all affected
converters).
Noax maximum/’number of number of attempts to perform a recovery. If the ntege
recovery attempts number of unsuccessful trials in restoration of
power transmission reaches this number, the
recovery sequence will be stopped.
7 HMDC grid protection

NOTE The parameters to define the protections in an HVDC grid depend on the basic

7.1 General
operation.
7.2

DC fault separation

The following information is relevant:

e Subclause 5.4,

e Subclause 5.5,

e Subclause 4.3.

concept of converter
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7.3.1

AC/DC converter station

No parameters identified.

- 50 - IEC TS 63291-2:2023 © |IEC 2023

Protection system related installations and equipment

7.3.2 HVDC grid topology and equipment

A single line diagram shall be specified including relevant equipment.

7.4 HVDC grid protection zones
7.4.1| General
Split the HVDC grid into individual protection zones and provide the HVDC grid protection matrix
by defining continuous operation (CO), temporary stop P (TS-P), temporary stop- PQ (TS) or
permanent stop (PS) for DC fault behaviour at each PoC-AC or PoC-DC withnréspect tojevery
zone.| An example of a protective matrix is given in Table 49. Table~50 lists addjtional
paranjeters, which apply depending on the selected fault separation concept. Figure 11, Figure
12 and Figure 13 show example voltage and current traces for the“three fault sepgration
concelpts.
Table 49 — Example of an HVDC grid protection zone matrix
Faults in PoC-AC1 PoC-AC2 PoC-DC1 PoC-DC%
Zone 1
Zone 2
Zone 3
Zone 4
Table 50 — DC protection parameter list
Symbol Parameter Characteristic Value Unit
M b, protectionjzones sparse matrix (number of PoC over number of matfix
- protection zones) 1 indicates the existence of a
line between two nodes and its belonging to a
specific protection zone
Lsep fault current maximum time, see Figure 10 ms
separation time
Inc ¢ DC current maximum DC current in unfaulty system for DC kA
- fault ride through in the DC fault separation
concept "continuous operation”
Iy res DC current steady-state residual short-circuit current kA
- (band)

In addition, the following information is relevant:

Table 30, i,, I, Ty;

Table 48, t4eion:

Subclause 5.4: DC voltage level Upcpole min-
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I steady-state short-circuit current
'p peak sho#t-circuit current
T, short-circuit duration
Upc_prefauts pre-fault DC system voltage
UDG_mir minimum DC voltage
Lsep separation time

Figure 11 — Example voltage and current traces in the event of "permanent stop"”
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I res steady-state residual short-circuit current (band)
ip peak short-circuit current
T, short=Circuit duration
Upc_prefauft pre-fault DC system voltage
UDc_min minimum DC voltage
Lsep separation time
Lrestart restart start time of healthy section
! 4eion deionisation time

Figure 12 — Example voltage and current traces in the event of "temporary stop P"


https://iecnorm.com/api/?name=a4e1c3d26040f3299ba7c0872a1ca3f1

IEC TS 63291-2:2023 © |EC 2023 - 53 -

YA
Upc_prefault "\ /\/\/\/\f\" 7
)
1 \. ’I
Upc_min 1 1
l
' !
! ]
\ 1 -
t
i . . .
- A ReC-assigredto-Continted-Opergtion
P i .
n - — - PoC directly affected by a fault
n (including a possible DC lire\fatlt
" \ recovery sequence)
1\
1N
1N
I i
| 1 \
DE_max : / \
\
¥ \ﬁ/\/\sz—\i
\
\ [
\ 1
\ ]
\ ]
N -1 >
tsep t
-~
3 Ty tieion
-
= | | o o
= o o
&8 5 S S
o =1 -1 N
238 ¢ 3 83
=2 3 c >2
O%T o ] 83
o 3 2 ) fogy
w E % o
£
>
O

IEC

I steady-state short-circuit current

ip peak short-circuit eurrent

IDC_ma maximum DC curtent in unfaulty system for DC fault ride through
Ty short-circuit duration

Upe_prefault pre-faulf DC system voltage

UDC_min niinimum DC voltage

lsep separation time

t4eion deionisation time

Figure 13 — Example voltage and current traces in the event of "continued operation”

7.4.2 Permanent stop P

The following functions shall be specified:

o Fault detection (differentiating faults from system transients that do not lead to protection
actions);

e Fault identification including:
— classification (type of fault)

— fault location (location of the faulty HVDC grid or device).
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Parameters to be specified shall be according to the protection concept chosen and HVDC grid

capab

7.4.3

ilities.

Permanent stop PQ

The following functions shall be specified:

o Fault detection (differentiating faults from system transients that do not lead to protection
actions);

e Fault identification including:

classification (type of fault)

fault location (location of the faulty HVDC grid or device).

Parameters to be specified shall be according to the protection concept chosen and HVD

capab

7.4.4
The fq

e F4
ag
e Fg

ilities.
Temporary stop P

llowing functions shall be specified:

ult detection (differentiating faults from system transients'that do not lead to prot
tions);

ult identification including:

classification (type of fault)

fault location (location of the faulty HVDC grid or device).

Parameters to be specified shall be according tothe protection concept chosen and HVD

capab
The tdg

7.4.5
The fq

e F4
ac

e F3

ilities.
lerable time for temporary stop is\specified in Table 7.

Temporary stop PQ
llowing functions shall 'be specified:
ult detection (differentiating faults from system transients that do not lead to prot
tions);
ult identification including:
classification (type of fault)

faultlocation (location of the faulty HVDC grid or device).

C grid

pction

C grid

ection

Parametefs to be specified shall be according to the protection concept chosen and HVD

C grid

capabilities.

The tolerable time for temporary stop is specified in Table 7.

7.4.6

No pa

7.4.7

No pa

Continued operation

rameters identified.

Example of a protection zone matrix

rameters identified.
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7.5 DC protection
7.5.1 General

No parameters identified.

7.5.2 DC converter protections

One threshold and time is given as parameters in Table 51, but it could be required to give
several thresholds or an inverse time characteristic.

Tahle 51 = DC converter protection parameter list

SBymbol Parameter Characteristic Value Unit
Upcurbal threshold DC voltage unbalance kV Dd
focuntal time time of DC voltage unbalance ms

In addition, the following information is relevant:

e Sybclause 5.4; DC voltages (rated DC voltage, steady-state-DC voltages, temporafy DC
voftages).

7.5.3 | HVDC grid protections
7.5.3.11 General

No parameters identified.

7.5.3.p Fault detection based on communication

No parameters identified.

7.5.3.B Fault detection withotit communication

No parameters identified.

7.5.4 | HVDC grid protection communication

No parameters identified.

8 AlC/DEconverter stations

8.1 'Purpose

This Clause 8 summarizes the HVDC grid-specific requirements for AC/DC converter stations.
A complete specification of each AC/DC converter station in the HVDC grid shall be provided.

8.2 AC/DC converter station types
The type of each converter of the AC/DC converter station shall be specified.
8.3 Overall requirements

8.3.1 Robustness of AC/DC converter stations

The required operating range of the AC/DC converter station specified shall cover all relevant
AC grid and HVDC grid conditions.
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8.3.2 Availability and reliability

The requirements for availability and reliability of an AC/DC converter station shall be specified
according to overall transmission system planning aspects.

For the reliability as well as availability calculation method, reference is made to Cigre Technical
Brochure 713 [12].

8.3.3 Active power reversal

The following shall be specified:

. Tylpe of power reversal:
a)| By voltage reversal O
b)| By current reversal O

e Sgquence and time for power reversal.
8.4 |Main circuit design

8.4.1 General characteristics

8.41.1 Topology

The station topology shall be specified by the station code 'as shown in Table 52 according to
the fo|lowing criteria:

e connection to HV poles (according to 5.1.4.1);
e connection to the neutral return path (according to 5.1.4.2);

e station earthing (according to 5.1.4.3).

Table 52 — Converter station topology

Criteria Connection to pole Neutral return path Station earthinjg
options " pole 1 "O" none "o" none
"2" pole 2 "R" return "z" impedance
conductor .
'B" both "E" direct
"E" earth
electrode
station code

8.4.1.p Active and reactive power characteristics

The active and reactive power characteristics shall be speciiied according to Table 2. All active
and reactive power characteristics shall be stated with respect to a given AC system voltage
operating range.

The power flow shall be specified such that the power exchange of an AC/DC converter station
operating in rectification mode (rectifier) shall be counted positive, i.e., power flowing from the
PoC-AC into the converter and further on from the converter into the PoC-DC shall have positive
sign.

8.4.1.3 Energisation

The requirement regarding the energy source for the energisation shall be specified:

e energisation from AC side,

e energisation from DC side,
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e energisation with auxiliary power.

Further requirements for energisation are:

e repetition (number of events),

e mi

nimum time between consecutive events.

8.4.1.4 Energy dissipation/absorption capability

The information listed in Table 53 shall be specified as a minimum requirement for the PoC-AC
and the PoC-DC.

Table 53 — Energy dissipation/absorption capability at a PoC

Symbol Parameter Characteristic Value Unit
Epin power versus time worst case power versus time MWs
P=f(z) integrated characteristic integrated to
outline energy
dissipation/absorption capability
requirement
no symbol number of events number of energy integdr
dissipation/absorption events
min DlA minimum time minimum time between min
- consecutive energy
dissipation/absorptiom events
8.4.2 DC side
8.4.21 DC connection

8.4.2.1.1 HV poles

The tgpology of the AC/DC converter-station shall be specified according to Table 52. A|given

station topology allows for different DC connection modes. The DC connection modes depcribe

the dgsignated connections between the individual terminals of the converter and the terminals

of the]PoC-DC and shall be specified using Table 54.

The tgrminals of the converter are described by the following nomenclature:

Ux converter unit x

Ty terminal y

UxTy terminal y of converter unit x

Px pole x; x being 1 or 2

The terminals at the PoC-DC are described by the following nomenclature:

PoC-DCx Py station DC PoC x, x being the number of the PoC-DC with HV pole Py, y
being 1 or 2

PoC-DCx Ry station DC PoC x, x being the number of the PoC-DC with station return

path connection point R; if there is more than one return path connection

point, the connection points are numbered (Ry, y being 1 or 2)
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Table 54 — DC connection modes of the AC/DC converter station

Connection mode

U1T1

uU1T2

U2T1

u2T2

Mode 1

name

Mode 2

name

Mode 3

name

Mode 4

name

The required DC connection modes can also be specified in the form of single line diagrams

showipg the connections between the converter terminals and the PoC-DC terminals including
the ngcessary switchgear.

The maximum transition time requirements for reconfiguration between the’ individugl DC
conngction modes including the maximum transition times from no-load operation in the former
mode|to no-load operation in the new mode shall be specified in accordance-with Table $5.

Table 55 — DC circuit re-configuration time requitrements

Previous connection mode S Next connection mode Sy
Mode 1 Mode 2 Mode 3 Modle n
Mode|1 tmax12 tmax13 tmax1r
Mode|2 tmax21 ‘\QV tmax23 tmax2'
Mode|3 tmax31 tmax32 tmax3:
Mode|n !maxnd !maxn2 maxn3
fmaxry]  time for transition between previous connection mode S_and next connection mode Sy
8.4.2.11.2 Neutral point earthing
The eprth connection of the AC/DC converter station, if any, as well as the switching condjtions,
if any| shall be specified:>The branch can be switched or permanent and consist of res|stors,

reactd

The e
earthi

The c

rs, capacitors,qatresters or any combination thereof.

ectrical characteristics of the earthing branch shall be specified. The parameters
ng branch)shall be specified according to Table 26.

bnditions for switching the earthing branches on or off shall be specified.

of the

8.4.2.2

DC voltages

The values according to

e Ta

ble 19 (nominal DC system voltage),

e Table 20 (DC pole voltage range parameters at a PoC-DC of an HVDC station, steady-state),

e Table 21 (DC pole voltage range parameters at a PoC-DC of an HVDC station, temporary

un

dervoltages); and

e Table 22 (DC pole voltage range parameters at a PoC-DC of an HVDC station, temporary
overvolatges)

shall be specified.
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8.4.2.3 DC insulation Levels

The values according to Table 24 shall be specified.

8.4.2.4 DC fault ride through behaviour

The behaviour at the PoC-AC in response to an insulation fault appearing at the PoC-DC of the
converter station shall be specified according to one of the following fault separation concepts:

e permanent stop PQ O

e permanent stop P O

. te]:porary stop PQ | maximum time: _
e temporary stop P a maximum time: s
e continued operation O

The rgpetition of DC fault events and recovery attempts shall be specified aceording to Taple 56.

Table 56 — Repetition of DC fault events and recovery attempts

Symbol Parameter Characteristic Value Unit
N5 ciadit number of events number of subsequent fault integqr
events
"bcredovery repetition number of recovery.attempts for integdr
each DC fault
IaCrecvery restoration time maximum timeto restore} .fgll DC min
fault ride threugh capabilities
8.4.2.p Capability of switching and breaking DC currents
8.4.2.p1 Energisation and de-energisation, connection and disconnection of DC
circuits

8.4.2.5.11 General

No parameters identified.

8.4.2.p.1.2 Energisation of a DC circuit

When|the HVDCrid or parts thereof are to be energised from the AC/DC converter statidn, the
followjng shall.be specified as a minimum set of requirements in addition to the paramefers in

Table|57:

° equivalpnt circuit of the system to he dp-pnprgiqu im‘luding if any OHIl s cables and other

converter stations;

e equivalent impedances of all relevant components, especially its capacitances.
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Table 57 — DC circuit energisation
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Symbol Parameter Characteristic Value Unit

Upcres_en residual voltage residu_al DC voltage prior to kv DC
energization

UDCmin_en lower voltage limit lower voltage limit of ta}rge‘t kv DC
voltage band for energisation

UDCm,aX_en upper voltage limit upper voltage limit of tgrge:-t kv DC
voltage band for energisation

Ubctempov_en temporary overvoltage r_na_ximum tem_porgry overvoltage kv DC
limit for energisation

Ubctefipuv_en temporary maximum temporary kVDd

undervoltage undervoltage limit for

energisation

tin e time minimum time to bring the DC s

- voltage within the target voltage

band

max ch time maximum time to bring the DC s

- voltage within the target voltage

band

ch_mdx _en charging current maximum charging current kA pepk

Egy mbs en energy maximum charging energy W

noas dn repetition maximum number of repetitive integdr
energisation events

8.4.2.5.1.3 Connecting the AC/DC converter station to an energised HVDC grid

The pprameter listed in Table 58 shall be specified.

Table 58 — Connecting the AC/DC converter station

SBymbol Parameter Characteristic Value Unit
AUpclonn voltage maximum voltage across open kV DQ
contacts of switching device
before connecting
8.4.2.p.1.4 Disconnecting the AC/DC converter station from the HVDC grid
The pprameter_listed in Table 59 shall be specified.
Table 59 — Disconnecting the AC/DC converter station
Symbol Parameter Characteristic Value Unit
Alpcres current maximum residual DC current ADC
through switching device before
disconnecting
8.4.2.5.1.5 De-energisation of a DC circuit

When the HVDC grid or parts thereof are to be de-energised through the AC/DC converter
station, the following shall be specified as a minimum set of requirements in addition to the
parameters in Table 60:

e equivalent circuit of the system to be de-energised including, if any, OHLs, cables and other
converter stations;
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e equivalent impedances of all relevant components, especially its capacitances;
e maximum DC voltage reversal, if any, due to discharging the DC circuit;
e minimum and maximum time to keep the DC voltage within the target minimum voltage band;

e maximum discharging current (peak value).

Table 60 — DC circuit de-energisation

Symbol Parameter Characteristic Value Unit
Ubcres_max_de residual voltage maximum_ re;idual voltage after kv DC
de-energisation
Upcrel de voltage reversal maximum DC voltage reversal kVepepk
- due to discharging the DC circuit
tin d time minimum time to bring the DC S
- voltage below the maximum
residual voltage after de-
energisation
fhax db time maximum time to bring the DC s
- voltage below the maximum
residual voltage after de-
energisation
idch_max de discharging current maximum discharging current kA pepk
Ech mhx_de energy maximum discharging energy kW
Mooy de repetition maximum number of\repetitive boolegn

de-energisation gvents

8.4.2.p.2 Breaking DC fault currents

The QC fault current breaking capabilitiesishall be specified according to 5.6. In addition, the
followjng information is required as a minimum set of requirements:

e equivalent circuit of the DC system,

e equivalent impedances of allkrelevant components,
e number of consecutive faults (see Table 56),

e number of recovery-ditempts (see Table 56),

o the possibility of AC/DC intersystem faults, if any, together with the relevant AC systen] data,
such as AC system short-circuit current or nominal AC system voltage.

8.4.2. Fault current levels

8.4.2.p.1 Contribution to short-circuit currents

The maximum contribution and the minimum contribution, if any, to DC short-circuit currents
shall be specified according to 5.6.

8.4.2.6.2 Short-circuit current withstand capability

The maximum pre-existing DC short-circuit current level for the PoC-DC shall be specified
according to Table 30.

The maximum required total DC short-circuit current withstand capability for the PoC-DC,
including the AC/DC converter station, shall be specified according to Table 30.

As an alternative to the requirements in the above two paragraphs, all relevant parameters of
each individual grid component of the whole HVDC grid shall be specified for the calculation of
the relevant short-circuit current withstand capability as described in 5.6.
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8.4.2.7 DC side system restoration

The capabilities of the AC/DC converter station to restore the HVDC grid or parts thereof after
blackout shall be specified using a simplified representative test network.

The following information shall be specified for the representative test network:

e philosophy and procedures including sequences for restoring the real network including all
relevant scenarios until reaching the normal operating state;

e relevant network configurations, e.g. switching states;

e earthing concept for the HVYDC grid;

o allfrelevant network elements or equivalents;

e trgnsient and dynamic characteristics of all relevant network elements;

control characteristics and relevant data of other HVDC stations to be connected o the
negtwork during the restoration process.

8.4.2.B Steady-state DC voltage and current distortions

The sjeady-state DC voltage and current distortions shall be specified according to 5.7.

8.4.3 AC side
8.4.3.11 AC voltages

The AC voltage profile shall be specified according.t04.5.2.3.

8.4.3.p AC fault ride through behaviour

The AC overvoltage and undervoltage fault.ride through profiles are typically defined by the AC
grid cpdes. The profiles shall be specified’;by a voltage versus time characteristic as desg¢ribed
in 4.5|2.3.

8.4.3.B AC frequency

The response in active power to frequency deviations in frequency sensitive mode (FSM),
limited frequency sensitive.mode — over-frequency (LFSM-O) and limited frequency sensitive
mode|- under-frequency)(LFSM-U) shall be specified according to Table 11.

8.4.3.4 AC side.fault current contribution

The AC faulfs-current contribution required from the converter station shall be sp4gcified
accorgling(tothe corresponding AC grid code requirements.

8.4.3.5 Capability of switching and breaking AC currents

The relevant data for designing the switching devices (CBs, disconnectors and earthing
switches) shall be specified according to Table 6.

8.5 HVDC grid control and protection interface

The C&P equipment of the AC/DC converter station shall be provided with the necessary
interfaces to subsystems such as:

e control equipment,

e operator controls,

e switching devices,

e measuring system,
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o fault recorder.
The following information is relevant:

e Table 43, General interface (signal list) defining "converter schedules";
e Table 45, General signal interface (physical quantities) of the "station information";
e Table 46, General signal interface (control parameters) of the "station information".

8.6 Controls
8.6.1 General

8.6.2 Automated vs manual operation

Table|] 61 summarises the most important parameters that shall be specified fdr the
communication abilities of each AC/DC converter station.

Table 61 — Parameters for the automatic control interface of
the AC/DC converter station according to standard protocols

SBymbol Parameter Characteristic Value Unit

no symbol protocol information on standard protocol N/A varioys
types to be used for
communication (i.e.
Ethernet/LAN, IEC 64850 or
else). Any degrees of freedom
on the actual implementation of
such protocols’shall be defined
further (e.g¢.sampling rate,
header sizes; package lengths,
coding/prétection methods etc.)

Table|62 lists parameters used for the automatic control interface of an AC/DC converter dtation
accordling to proprietary protocols.

Table 62 — Parameters for the automatic control interface of
the AC/DC converter station according to proprietary protocols

Symbol Parameter Characteristic Value Unit

no syfnbol communication rate The data sampling rate for N/A Hz
communication has to be
specified (i.e. how often new
values are generated and
received). This shall be taken
into account for the design of the
"Converter Schedule".

no symbol data package sizes The size and resolution of all N/A various
and data type(s) transmitted data packages shall
be agreed upon.

In addition to this, the following information is relevant:

e definition of "converter schedule" (see Table 43);

o definition of "station information" (see Table 45).
8.6.3 Control modes and support of coordination

Table 63 outlines the possible control modes that can be provided by an AC/DC converter
station. It shall be specified whether the station shall be able to operate in all these modes
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(depending on technology, etc.). Availability of options may therefore be indicated by
checkboxes.

Table 63 — Parameters for the available control modes of the AC/DC converter station

Symbol Parameter Characteristic Value Unit
no symbol active power control This information defines a list of N/A boolean
modes (core) control modes related to

active power regulation at the
converter station's PoC-AC or
PoC-DC. These modes may
comprise:

e constant DC voltage

e constant DC current

e constant DC power

e constant AC active power

e DC voltage / current droop
e DC voltage / power droop

e DC voltage / AC active power
droop

e constant AC frequency

e AC active power / frequency

droop
no symbol reactive power control | This information d€fines a list of N/A boolefin
modes (core) control mades for

regulation of reactive power at
the PoC-AC. ofythe station. These
modes may comprise:

e constant AC reactive power
(Q)

¢'J) constant power factor (cos@)

e AC reactive power / voltage
droop

no symbol supporting controts Information on availability of N/A boolean

controls supporting the

coordination within the HVDC

grid (e.g. for damping functions):

e "delta P" modulation (active
power)

e "delta Q" modulation
(reactive power)

8.6.4 Limitation strategies

The parameters are listed in Table 64.
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Table 64 — Limitation strategies

Symbol Parameter Characteristic Value Unit
no symbol priority mode » limiting the last set value | N/A N/A
change
e limiting active power while
fulfilling the requirements for
reactive power (Q priority)
e limiting reactive power while
fulfilling the requirements for
active power (P priority)
e limiting active as well as
reactive power
e symmetrical: constant cos(¢)
e asymmetrical: weighting
factors
no symbol criteria applicable criteria for entering N/A N/A
and leaving the limiting strategy.

8.6.5

Requi

Operating sequences for AC/DC converter station

Table 65 — Operating states and transitions for,the AC/DC converter station

red parameters for specification of operating sequences are summarised in Table 65.

Symbol Parameter Characteristic Value Unit
Lin.x minimum duration in This time,defines the minimum N/A S
state "X" time for’remaining in a given
state Xif applicable
max.x maximum duration in This time defines the maximum N/A S
state "X" allowed duration for remaining in
a given state X
NOTE For some states, max.x
can also be unlimited
Fallbag ckX fallback state For each state X, a N/A integdr
corresponding fallback state has
to be specified that will be
attained in case of error during
state X (e.g. after the maximum
duration for that state is
exceeded)
8.6.6 Dynamic behaviour
8.6.6.1 Step responses

The requirements for the dynamic behaviour of the AC/DC converter station shall be specified

according to the definition in IEV 351-45-27.

Different step response parameters can apply for different physical quantities (e.g. DC voltage,

AC active power contribution, etc.) of the same AC/DC converter station.

8.6.6.2

The necessary tests conditions shall be specified in order to demonstrate stability of the AC/DC
converter station when operated in the respective HVDC grid. The requirements shall be defined

Stability criteria

in line with 10.2.3.
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8.7 Protection
8.7.1 General
8.7.2 Configuration requirements

The protection zones and the configuration of the FSDs with respect to these zones shall be
specified.

8.7.3 Function requirements

8.7.3.1 Converter unit protection zone

The fault locations to be selectively detected as a minimum shall be specified.

8.7.3.p DC line protection zone

The fault locations to be selectively detected as a minimum shall be specified.

8.7.4 Fault separation strategy for faults inside the AC/DC converter station

The AIC/DC converter station protection shall be coordinated with/the AC/DC converter station's
contrgl system.

8.7.5 Coordination of the DC protection with the HVDC grid

The pfotection coordination of an AC/DC converter station and the HVDC grid shall be sp¢gcified
accorgling to Table 66.

Tabje 66 — Protection coordination of the(AC/DC converter station and the HVDC grid
(for main and backup concept including the separation concept and the FSD)

Faulted PoC-AC1 PoC-DC1
zone
Main Backup Main Backup
Sep. Detection Sep. Detection Sep. Detection Sep. Detegtion
concept | requirement( | )Concept | requirement | concept | requirement | concept | requirgment
(FSD) (FSD) (FSD) (FSD)
Zone|1
Zone|2
Zone|n

8.7.6 ExXample Tor coordination of the DU protection with the RVDU grid

No parameters identified.

9 HVDC grid installations

9.1 General

No parameters identified.

9.2 DC switching station
9.21 Purpose

A specification of each DC switching station in the HVDC grid shall be provided.
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The electrical connections to be provided by a DC switching station shall be specified using an

equivalent circuit diagram.
Besides the mandatory functions, all required optional functionality shall be specified.

9.2.2 Overall requirements

9.2.2.1 Coordination and communication

Except for local protection functions, all switching and reconfiguration actions at the DC

switching station shall be coordinated with the surrounding HVDC grid.

9.2.2.p Availability and reliability

For thE reliability as well as availability calculation method, reference is made to Cigre Technical
Brochure 713 [12].
9.2.3 Main circuit design
9.2.3. General characteristics
9.2.3./11 Topology
The OC switching station topology shall be specified by the station code as shown in Taple 67
accordling to the following criteria:
e connection to HV poles (according to 5.1.4.1);
e connection to the neutral return path (according'to 5.1.4.2);
e station earthing (according to 5.1.4.3).
Table 67 — DC switching station topology
Criteria Connection to pole Neutral return path Station earthinjg
optiorls " pole 1 "O" none "o" none
"2" pole 2 "R" return "z" impedance
conductor .
"B" both "E" direct
"E" earth
electrode
statiop code

9.2.3./1.2 Active power characteristics

Refer|t0.9.2.3.1.4.

9.2.3.1.3 Energisation of the DC switching station
The requirement regarding the energy source for the energisation shall be specified:

e energisation from DC side,

e energisation with auxiliary power.
Further requirements for energisation are:

e repetition (number of events),

e minimum time between consecutive events.
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A DC switching station can be equipped with additional devices providing temporary active
power exchange with the HVDC grid. In this case the information listed in Table 68 shall be

specified as a minimum requirement.

Table 68 — Temporary energy dissipation/absorption

capability of the DC switching station

Symbol Parameter Characteristic Value Unit
Epp power versus time worst case power versus time MWs
P=H{rrtegrated charecteristieintegrated—to
outline energy
dissipation/absorption capability
requirement
Max bA number of maximum number of consecutive integgr
consecutive events energy dissipation/absorption
events
At o bia minimum time minimum time between min
7 consecutive energy
dissipation/absorption events
DC lirle power flow controllers can be used in a DC SU to mddulate the DC voltage at thg PoC-
DC for the purpose of controlling the power flow through the-connected line in steady stale and
dynamically. In this case the information listed in Table‘69 shall be specified as a miimum
requirement.
The ppwer flow control function in one SU may_be coordinated with one or more other $us of
the DIC switching station to balance the power exchange inside the HVDC grid. Any| such
requirement shall be specified.
Table 69 — Power flow controlling capability of a DC SU
Symbol Parameter, Characteristic Value Unit
Umod_pos voltage incréase maximum value of the DC kV D(
] voltage modulation at the PoC-
DC in positive direction, i.e.
increasing the DC voltage, for
steady-state and dynamic power
flow control
Unod heg voltage decrease maximum value of the DC kV D(
] voltage modulation at the PoC-
DC in negative direction, i.e.
decreasing the DC voltage, for
steady-state and dynamic power
flow control
Au, 44t voltage gradient maximum value of the rate of kV/ms
change of the DC voltage for
power flow control at the PoC-
DC

In addition, the configuration around the power flow controller may require equipment for
connection, isolation, energization, de-energization, protection, earthing, bypassing, which
shall be specified.
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9.2.3.2
9.2.3.2.1
9.2.3.21.1

DC side

DC connection

HV poles
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The topology of each SU of the DC switching station shall be specified according to Table 67.
A given SU topology allows for different DC connection modes. The DC connection modes
describe the designated connections between the individual terminals of the DC switching
station per SU and shall be specified using Table 70.

The busbars of the DC switching station are described by the following nomenclature:

BB-P)
BB-N

The tgrminals at the PoC-DC are described by the following nomenclature:

PoC-PCx Py

PoC-IDCx Ry

pole busbar y; y being 1
neutral busbar

or 2

station DC PoC x, x being the number of the PoC-DC withhMV pole Py, y|being

1o0r?2

station DC PoC x, x being the number of the PoC:DC with station returp path
connection point R; if there are more than one fefurn path connection points,

the connection points are numbered (Ry, y beinig’1 or 2).

Table 70 — DC connection modes of a/DC"SU for PoC-DCx

Connection mode

BB-P1

BB-N

BB-P2

Mode|1

name

Mode|2

name

Mode|3

name

Mode|n

name

The re¢quired DC conneetion modes can also be specified in the form of single line diagrams
showing the connections/between the individual terminals of the DC switching station inc|uding
the ngcessary switchgear.

The maximum{ransition time requirements for reconfiguration between the individugl DC
conngction mades including the maximum transition times from no-load operation in the former
mode|(to no-load operation in the new mode shall be specified in accordance with Table T1.

Table 71 — DC circuit re-configuration time requirements

Previous connection mode Sx

Next connection mode Sy

Mode 1 Mode 2 Mode 3 Mode n
Mode 1 tmax12 tmax13 tmax1n
Mode 2 tmax21 tmax23 tmax2n
Mode 3 tmax31 tmax32 tmax3n
Mode # tmaxm tmaXnZ tmax»z3

maxxy:

t time for transition between previous connection mode S_and next connection mode Sy
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9.2.3.2.1.2 Neutral point earthing

The earth connection of the DC switching station, if any, as well as the switching conditions, if
any, shall be specified. The branch can be switched or be permanently connected and consist
of resistors, reactors, capacitors, arresters or any combination thereof.

Electrical characteristics of the earthing branch shall be specified according to the parameters
outlined in 5.1.4.2. The parameters of the earthing branch shall be specified according to Table
26.

The conditions for switching the earthing branches on or off shall be specified.

9.2.3.2.1.3 Neutral path and earthing point transfer switches

Technjical requirements and specifications of neutral path and earthing point transfer brgakers
are dgscribed in Cigre Technical Brochure 683 [13].

9.2.3.2.2 DC voltages
The vhalues according to:

e Tgble 19, nominal DC system voltage;
e Tdble 20, DC pole voltage range parameters at a PoC-DCfof an HVDC station, steadyqstate;

e Tgble 21, DC pole voltage range parameters ,at( a PoC-DC of an HVDC sfation,
undervoltages;

e Tdble 22, DC pole voltage range parameters at alPoC-DC of an HVDC station, overvoljages,

shall be specified.

9.2.3.R.3 DC insulation levels

The vhalues according to Table 24 shall be specified.

9.2.3.2.4 DC fault ride through behaviour

A DQ switching station '€ean be equipped with additional devices providing active power
exchange with the HVDE€ grid. In this case the DC switching station can be required to pfovide
a certpin fault ride through behaviour at a PoC-DC in response to an insulation fault appgaring
at anqther PoC-DChof the DC switching station.

The required.'behaviour shall be specified according to one of the following fault sepdration
coanpts:

e permanent stap PQ |
e permanent stop P O
e temporary stop PQ O maximum time: s
e temporary stop P O maximum time: s

e continued operation O

The repetition of DC fault events and recovery attempts shall be specified according to Table 72.
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Table 72 — Repetition of DC fault events and recovery attempts
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Symbol Parameter Characteristic Value Unit
N0 Gfault fault repetition number of subsequent fault integer
events
"DCrecovery recovery repetition number of recovery attempts for integer
each DC fault
!berecovery time maximum time to restore‘z‘f‘ull DC min
fault ride through capabilities
9.2.3..5 Capability of switching and breaking DC currents
9.2.3..5.1 Energisation and de-energisation, connection and disconnection of|DC
circuits
9.2.3.2.5.1.1 General

No parameters identified.

9.2.3.2.5.1.2 Energisation of a DC circuit

When|the HVDC grid or parts thereof are to be energised from”the DC switching station, the
followjng shall be specified as a minimum set of requirements in addition to the paramefers in

Table|73:

e equivalent circuit diagram of the system to be energised including, if any, OHLs, cablgs and
other converter stations;

e equivalent impedances of all relevant components, especially its capacitances.
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Table 73 — DC circuit energisation
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energisation events at PoC-DCX

Symbol Parameter Characteristic Value Unit

Upcres_en residual voltage residu_al E_)C voltage prior to kv DC
energization

UDCmin_en lower voltage limit lower voltage limit of ta}rge.t kv DC
voltage band for energisation

UDCm,aX_en upper voltage limit upper voltage limit of tgrge?t kv DC
voltage band for energisation

Ubctempov_en temporary overvoltage r_na_ximum tem_porgry overvoltage kv DC
limit for energisation

Ubctefipuv_en temporary maximum temporary kVDd

undervoltage undervoltage limit for

energisation

tin e time minimum time to bring the DC s

- voltage within the target voltage

band?

nax eh time maximum time to bring the DC s

- voltage within the target voltage

bandP

Ach mak en x charging current maximum charging current at kA pepk

I PoC-DCX

Eg mby en energy maximum charging energy at MJ
PoC-DCX

Max dn repetition maximum number.of repetitive integgr

@ Only relevant if the DC switching station contains devices{capable of exchanging power in the HVDC grid system.

B Only relevant if the DC switching station contains devic&s capable of exchanging power in the HVDC grid system.

9.2.3.2.5.1.3 Connecting the DC switching station to an energised HVDC grid

The pprameter listed in Table 74 shall be specified.

Table 74 — Connecting the DC switching station

Symbol Parameter Characteristic Value Unit
AUpcdonn x voltage maximum voltage across open kV D(
- contacts of switching device at
PoC-DCX before connecting
9.2.3.2.51:4 Disconnecting the DC switching station from the HVDC grid
The parameter listed in Table 75 shall be specified.
Table 75 — Disconnecting the DC switching station
Symbol Parameter Characteristic Value Unit
AIDCreS_X current maximum residual DC current A DC

through switching device at PoC-
DCX before disconnecting
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9.2.3.2.5.1.5 De-energisation of a DC circuit

When the HVDC grid or parts thereof are to be de-energised through the DC switching station,
the following shall be specified for each de-energisation scenario as a minimum set of
requirements in addition to the parameters in Table 76:

e equivalent circuit of the system to be de-energised including, if any, OHLs, cables and other
converter stations,

e equivalent impedances of all relevant components, especially its capacitances.

Table 76 — DC circuit de-energisation

Symbol Parameter Characteristic Value Ullit

residual voltage maximum residual voltage after

DCrep_max_deX . ”
- de-energisation at PoC-DCX

Ubcre} dex voltage reversal maximum DC vgltage reversgl . kV pepk
due to discharging the DC circuit
at PoC-DCX

time minimum time to bring the DC s
voltage below the maximum
residual voltage after de-
energisation at PoC-DCX

time maximum time to bring the BE s
voltage below the maximum
residual voltage after,de=
energisation at PoG-DCX

discharging current maximum discharging current at kA pepk

dch_max _deX PoC-DCX

energy glaéigtém discharging energy at MJ
0C-DGX"

ch_max _deXx

repetition maximum number of repetitive intege
de*energisation events at PoC-
DCX

=

max_{JeX

9.2.3..5.2 Breaking DCfault currents

The DC fault current breaking capabilities for each PoC-DC shall be specified according {o 5.6.
In addition, the following information is required as a minimum set of requirements:

e equivalent circuit of the DC system,

equivalent impedances of all relevant components,

number-oficonsecutive faults (see Table 56),

numberof recovery attempts (see Table 56),

the possibility of AC/DC intersystem faults, if any, fogether with the relevant AC system data,
such as AC system short-circuit current or nominal AC system voltage.

9.2.3.2.6 Fault current levels
9.2.3.2.6.1 Contribution to short-circuit currents

A DC switching station can be equipped with additional devices capable of exchanging power
in the HVDC grid. In this case the DC switching station can be required to contribute to
short-circuit currents.

The maximum contribution and the minimum contribution, if any, to DC short-circuit currents
shall be specified for each PoC-DC according to 5.6.
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