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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PERFORMANCE OF HIGH-VOLTAGE DIRECT CURRENT
(HVDC) SYSTEMS WITH LINE-COMMUTATED CONVERTERS -

Part 1: Steady-state conditions

FOREWORD

[The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien compri
all national electrotechnical committees (IEC National Committees). The object of IEC ¢is\-+to proni
international co-operation on all questions concerning standardization in the electrical and eléctronic fields
this end and in addition to other activities, IEC publishes International Standards, Technical Specificatig
[Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter ‘referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National”"Committee intereg
in the subject dealt with may participate in this preparatory work. International,;\governmental and r
governmental organizations liaising with the IEC also participate in this preparation) IEC collaborates clo

ith the International Organization for Standardization (ISO) in accordance (with conditions determined
agreement between the two organizations.

[The formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internatig
consensus of opinion on the relevant subjects since each technical/Committee has representation from
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicati
transparently to the maximum extent possible in (their national and regional publications. Any diverge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicate
the latter.

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

All users should ensure that they hayé'the latest edition of this publication.

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

Attention is drawn_to the Normative references cited in this publication. Use of the referenced publication
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subjed
patent rightsA4EC shall not be held responsible for identifying any or all such patent rights.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 60919-1, which is a technical report, has been prepared by subcommittee 22F: Power
electronics for electrical transmission and distribution systems, of IEC technical committee 22:
Power electronic systems and equipment.

ublished—in—2010,
hnical revision.

Anmendment 1:2013 and Amendment 2:2017. This edition constitutes a te

This fourth adition cancels and rnplcr\ne thg third adition
oL+ GHHOR <3 + < ¥ += R HHG GHHOR

D

(@)

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

a) |[Figure 8 and Figure 20 have been updated, a new Figure 18 "LCC/VSC-"hybrid bipglar

system" has been added;
b) |the HVDC system control objectives have been supplemented;
c) |additional explanations regarding the HVDC system control structure have been given;

d) [a new subclause 13.6 on HVDC system protection has been’added.

The text of this Technical Report is based on the following.documents:

Draft TR Report on voting
22F/535/DTR 22F/549A/RVDTR

Full information on the voting for the approval”of this Technical Report can be found in the
regort on voting indicated in the above table;

Th|s document has been drafted in aceordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60999 series, published under the general title Performance| of
high-voltage direct current (HVDC) systems with line-commutated converters, can be found|on
thg IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stdbility date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
thg specific document. At this date, the document will be
e |[reconfirmed,

e |withdrawn,

o |replaced by a revised edition, or

e amended.

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

The difference between system performance specifications and equipment design
specifications for individual components of a system is realized. Frequently, performance
specifications are prepared as a single package for the two HVDC substations in a particular
system. Alternatively, some parts of the HVDC system can be separately specified and
purchased. In such cases, due consideration-sheuld-be is given to coordination of each part
with the overall HVDC system performance objectives and to ensuring that the interface of
each with the system-should—be is clearly defined. Typical of such parts, listed in the
appropriate order of relative ease for separate treatment and interface definition, are:

a) | DC line, electrode line and earth electrode;
b) | telecommunication system;
c) | converter building, foundations and other civil engineering work;

d) | reactive power supply including AC shunt capacitor banks, shunt reactorsy synchrongus
and static reactive power (var) compensators;

e) | AC switchgear;

f) | DC switchgear;

g) | auxiliary systems;

h) | AC filters;

i) | DC filters;

j) | DC reactors;

k) | converter transformers;

[) | surge arresters;

m)| series commutation capacitors;
n) | valves and their ancillaries;

0) | control and protection systems.

NO[FE The last four items are the most-difficult to separate, and, in fact, separation of these four-may can| be
inaglvisable.

Clguse 4 to Clause 22 of\ihis document set out a complete steady-state performarnce

spgcification for an HVDC'system-should-consider Clauses-3-to-21 of this report.
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Sirice theequipment items are usually separately specified and purchased, the HVDC
trapsmissiaon line, earth electrode line and earth electrode (see Clause 11) are included oply
be¢ause of their influence on the HVDC system performance.

For the purpose of this document, an HVDC substation is assumed to consist of one or more
converter units installed in a single location together with buildings, reactors, filters, reactive
power supply, control, monitoring, protective, measuring and auxiliary equipment. While there
is no discussion of AC switching substations in this document, AC filters and reactive power
sources are included, although they-may can be connected to an AC bus separate from the
HVDC substation, as discussed in Clause 17.
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PERFORMANCE OF HIGH-VOLTAGE DIRECT CURRENT
(HVDC) SYSTEMS WITH LINE-COMMUTATED CONVERTERS -

Part 1: Steady-state conditions

1 Scope

Thls part of IEC 60919 provides general guidance on the steady-state performarce
requirements of high-voltage direct current (HVDC) systems. It concerns the steady-state
performance of two-terminal HVDC systems utilizing 12-pulse converter units comprised| of
three-phase bridge (double-way) connections (see Figure 1), but it dog€s,“not coyer
multi-terminal HVDC transmission systems. Both terminals are assumed foruse thyrigtor
valves as the main semiconductor valves and to have power flow capability in*both directiops.
Digde valves are not considered in this document.

I I~ A

&

K & B
&~ & B

IEC

Key

1 [Transformer valve Windings

Figure 1 — Twelve-pulse converter unit

Onlly Jline-commutated converters are covered in this document, which includes capacitor
commutated converter circuit configurations. General—requirements—for aspects | of
se - -T=T1, -1-2
and IEC 60146-1-3. Voltage-sourced converters are not considered.

The-difference distinction is made between system performance specifications and equipment
design specifications for individual components of a system-should-be-realized. Equipment
specifications and testing requirements are not defined in this document. Also excluded from
this document are detailed seismic performance requirements. In addition, because there are
many variations between different possible HVDC systems, this document does not consider
these in detail; consequently, itshould is not—be used directly as a specification for a
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particular project, but rather to provide the basis for an appropriate specification tailored to fit
actual system requirements.

This document, which covers steady-state performance,

is followed by the additional

documents of IEC TR 60919-2 on faults and switching as well as IEC TR 60919-3 on dynamic
conditions. All three aspects are considered when preparing two-terminal HVDC system
specifications.

2 Normative references

The following documents are referred to in the text in such a way that some or all of-their
comtent constitutes requirements of this document. For dated references, only thé-edit|on
cited applies. For undated references, the latest edition of the referenced document*(includ|ng
any amendments) applies.

IEC 60146-1-1—Semiconductor—converters Generalrequirements—andline—commutated
col 5 s Fioati ; . .

IEC/TR 680146-1-2,-Semiconductor-convertors —General-requirements—and-line—commutaled
IEC 60146-1-3—Semiconductor—convertors Generalregquirements—andline—commutated
comvertors —Part 1-3- Transformers-and-reactors

IE(

int
dis

Fo

1S(
ad

[ 60633, FerminotogyFfor-High-voltage direct curfent (HVDC) transmission — Vocabulary

SRE Technical Brochure (TB) No. 391:2009)" Guide for measurement of radio frequel
prference from HV and MV substatiops.” Disturbance propagation, characteristics
turbance sources, measurement techmgues, conversion methodologies and limits

Terms and definitions
" the purposes of this document, the terms and definitions given in IEC 60633 apply.

D and IEC maintaingterminological databases for use in standardization at the follow
iresses:

IEC Electropedia: available at http://www.electropedia.org/

ISO Onling-browsing platform: available at http://www.iso.org/obp

Types of HVDC systems

icy
of

ng

4,

General

This part of the specification should include the following basic data:

a)

b)
c)
d)

Ge

general information on the location of the HVDC substations and the purpose of the

project;
type of system needed, including a simple one-line diagram;
number of 12-pulse converter units;

pertinent information derived from the discussion in Clause 4.

nerally, in studies of projects of the types discussed in this document, economic
considerations should take into account the capital costs, the cost of losses, cost of outages
and other expected annual expenses.
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In terms of the type of system, the—relativelyrew development—of "capacitor-commutated

converter (CCC)" and "controlled series capacitor converter (CSCC)" technology may be
suitable alternatives to a conventional HVDC scheme. These are described in 4.10.

4.2 HVDC back-to-back system

In this arrangement there is no DC transmission line and both converters are located at one
site. The valves for both converters may be located in one valve hall, or even in one
integrated structure or separately as outdoor valves. Similarly, many other items for the two
converters, such as the control system, cooling equipment, auxiliary system, etc., may be

A B O1€ ea v evenr EOTrate B < R'AV tC coh v - o1 comm L € HwW O
comverters. Circuit configurations may vary. Examples are given in Figure 2. The performarnce
angl economics of these configurations differ and-must should be evaluated. DC filters)are pot
neg¢ded.

The voltage and current ratings for a given power rating should be optimized t6” achieve the
lowest system cost, including the evaluated cost of losses. Ordinarily, the user does not nged
to gpecify the direct voltage and current ratings, unless there are specifie)reasons to do po,
forlexample, for compatibility with an already existing station, to providefor a future extens|on
or ffor some other reason. Economics dictate that each converter wilPusually be a 12-pujse
comverter unit, however it is not mandatory. Where operating criteria require that the loss| of
ong converter unit will not cause loss of full power capability, 1arge HVDC substations colpld
be|comprised of two or more back-to-back systems. For this, ;jsome of the equipment of the
bagk-to-back systems can, for economic reasons, be loeated in the same area or eyen
physically integrated, but events which could cause a_failure of equipment required by |all
bagk-to-back systems need to be carefully considered, and preventive measures taken where
appropriate.

4.3 Monopolar HVDC system with earth return HVDC system

Copt considerations often lead to the adaption of a monopolar HVDC system with earth retirn
sygtem (Figure 3), particularly for cable transmission which may be expensive.
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Figure 2 — Examples of back-to-back HVDC systems



https://iecnorm.com/api/?name=66502182ac01fed57119d13dfb151dc6

IEC TR 60919-1:2020 RLV © 2020

15—

—>
e Y Y e e Y Y
1 A 1
(=)
o z‘g I
2| F P F |2
N Y2
T =

Y

1 L

= = [EC
Key
1 |DC reactor
2 |[DCfilters

Figure 3 — Monopolar HVDC system with earth return

The monopolar earth return configuration might also be the first stage in the development df a
bipolar scheme. Monopolar arrangements may include one.6r'more 12-pulse units in series| or
in jparallel at the ends of the HVDC transmission (Figure 4 and Figure 5). More than gne
12ipulse unit-might can be used for the following purposes:
a) | to ensure partial transmission capacity during‘eonverter unit outages;
b) | to complete the project in stages;
c) | because of the physical limitations of transformer transport.
Th|s arrangement requires one or more.'DC reactors at each end of the HVDC overhead l|ne
or cable; these are usually located_on’the high-voltage side.-Hewever—the-d-c—reactorsmay
bogetbddodinte b nonie ond loortoe cn the Rleborelioon olde cnel the nodth oide oo onathgoly
if the racultina nerformance ic acrantahle ecsneciallvy for o larae cseale 1ltra hiah valtaae dirbet
thoooultine soriermonen o neconiable coonclallr o o losan conlo nlien Blen volioes cinhel
slfron i LR ID s comntos foes nesmaonl
If the line is overheadsDC filters are likely to be needed at each end (see Clause 18). It aJso
requires an earth electrode line and a continuously operable earth electrode at the two ends
of the transmission;which involves consideration of issues such as corrosion, magnetic figld

bcts, etc.



https://iecnorm.com/api/?name=66502182ac01fed57119d13dfb151dc6

- 16 - IEC TR 60919-1:2020 RLV © 2020

IEC

Key
1 |DC reactor

2 |DC filter

Figure 4 — Two 12-pulse‘units in series
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a)

b)
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DC reactor

DC filter

current is_hot desirable during the interim period, or

build earth electrode lines and earth electrodes, or

c)

IEC

Figure 5 — Two 12-pulse units in parallel

Monopolar HVDC. system with metallic return-HVDC-system

b configuration agillustrated in Figure 6 will generally be used for the following purposes

if the transmission line length is short enough to make it uneconomic and undesirable

iflthie earth resistivity is high enough to impose an unacceptable economic penalty, or

d)

as the first 'stage in the construction of a bipolar system and if long-term flow of earth

to

if long-term flow of earth current is unacceptable because of environmental and safety

requirements.

This configuration utilizes one high-voltage and one low-voltage conductor. The neutral is
connected at one of the two HVDC substations to its station earth or, alternatively, to the
associated earth electrode. The other HVDC substation neutral is connected to its station
earth through a capacitor or an arrester or both.

DC reactors are needed at both ends of the high-voltage conductor. However, the DC reactor
may be located on the earth side if the resulting performance is acceptable. However, the DC
reactors may be divided into two parts and located on the high-voltage side and the earth side
respectively if the resulting performance is acceptable, especially for a large scale ultra-high-
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voltage direct-current (UHVDC) converter arrangement. DC filters may be needed if the HVDC
transmission line is overhead.

If this configuration is the first stage of a bipolar system, its neutral conductor could be
insulated for the high voltage at this stage of development.

For a metallic return scheme, DC fault current will flow into the AC system and come back
through neutral point of transformers installed in the converter station. This current may lead
to the malfunction of protective relays installed in nearby stations, caused by the saturation of
cores due to DC current. To prevent such malfunctions, insertion of neutral grounding resistor
(small resistance) to transformers in the converter station will be effective.

Y Y\ — o _____ e YY"\
1 1

— IEC

Key
1 |DC reactor
DC filter

Station earth

A W N

Arrester

Figure 6 — Monopolar HVDC system with metallic return-system

4.4 Bipolar earth return HVDC system

This\is” the most commonly used arrangement when a DC transmission line connects two
HVDC substations and electrodes for earth return operation are provided (Figure 7 (a)). Itis
effectively equivalent to a double-circuit AC transmission. It reduces harmonic interference
from the DC line as compared with monopolar operation and it keeps earth current flow down
to a low value. When combined, two monopolar earth return schemes can give a bipolar
scheme.

For power flow in one direction, one pole has positive polarity to earth and the other pole has
negative polarity to earth. For power flow in the other direction, the two poles reverse their
polarities. When both poles are in operation, the unbalance current flowing in the earth path
can be kept at a very low value.
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Figure 7 b) — Rigid bipolar HVDC system

Figure 7 — Bipolar system
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This configuration offers a number of emergency operating modes. Consequently, the
requirements in the following list a) to f) should be considered in the specifications.

a)

b)

During an outage of one HVDC transmission line pole 11 in Figure 8 (rectifier DC
switches 3 and inverter DC switches 9 have been switched off), the converter equipment
of the other pole 12 should be capable of continuous operation with earth return (rectifier
DC switches 4, inverter DC switches 10, earth return transfer switch (ERTS) 7 and
metallic return transfer breaker (MRTB) 8 have been switched on).

If long-term flow of earth current is undesirable and if the defective line pole still retains
some low-voltage insulating capability, the bipolar system should be capable of operation

. ing
mode the conductor of the out-of-service pole 11 is first connected in parallel with\the
earth path by switching on pole-to-neutral switches 5 and then the earth path is interrGpfed
to transfer the current to the metallic path (through the conductor of the out-of-service pple)
by switching off MRTB 8. Load transfer without interruption requires a metallic retlirn
transfer breaker (MRTB) at one terminal of the DC transmission. If a short)interruption| of
power flow is permitted, MRTB would not be necessary. The neutral equipment at the
MRTB end of the HVDC transmission system should be insulatedyfrom earth fon a
somewhat higher voltage than at the other end of the system. Figure)8; with DC switchep 3
and 4 (named as ERTS and MRTB), is usually valid for a rectifier-station. The MRTB is phot
necessary for the inverter station.

3 — 9

m'_/—"_ _____ _._\_.HNTV\_'
i

e ; U

et L/ ] ]

Key

3,4
5,6

c)

IEC

DC reactor 7 Earth return transfer switch (ERTS)

DC filter 8 Metallic return transfer breaker (MRTB)
Rectifier DC switches 9,10 Inverter DC switches

Pole-to-neutral switches 11,12 HVDC power transmission poles

Figure 8 — Metallic return operation of the unfaulted pole in a bipolar system

During maintenance of the earth electrode(s) or the earth electrode line(s), operation of
the bipolar system should be possible with the station neutral(s) connected to the station
earth at one or both HVDC substations as long as the unbalance current between the two
poles entering the station earth(s) is kept at a very low value. The unbalance current
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d)

e)

should be kept low to avoid saturation effects in the converter transformers from the flow
of part of the unbalance current through the transformer neutrals. In this arrangement
when one transmission line of substation pole is lost, both poles should be blocked
automatically.

In bipolar operation with both earth electrodes connected, the two poles of the HVDC
system should be capable of operation with substantially different currents in each pole.
This may be necessary if loss of cooling or some other unusual condition prevents the
operation of one pole with full current.

If continuation of operation is required in the case of poor weather conditions or where the
line insulation has been partially damaged, the converters should be designed for

On
log
log
ac

arr
ne
or

Mg
cu
fag
as

cam be reduced.

4.6

continuous operation at reduced voltage, so that either pole can be operated at reduged
voltage (see 8.3).

In the event of the loss of one transmission line pole, the two substation poles can*also|be
connected in parallel by using appropriate switches for polarity reversal in.at least qne
station pole enabling both poles to operate in the monopolar earth return-mode. This,
however, requires that the DC terminals of each 12-pulse group be instlated for the full
pole voltage and the line and the earth electrode shall be thermally capable of carrying a
current higher than the normal current.

e or more DC reactors is needed at each end of the system in each pole, these are usually
ated on the high-voltage side. However, the DC reactors maybe divided into two parts gnd
ated on the high-voltage side and the earth side respectively, if the resulting performance is
eptable, especially for a large scale ultra-high-voltage{direct-current (UHVDC) converter
angement. If the HVDC system includes an overheaddline, DC filters would most likely |be
bded. One 12-pulse unit per pole is most commonly used; however, large capacity systems
staged expansion may require 12-pulse units in series or in parallel (Figure 4 and Figurg 5).

st HVDC systems utilise ground return or a dedicated metallic return conductor for the pC
rent path. However, when balanced bipdlar operation can always be ensured, thgse
ilities can be eliminated. This scheme.jis¢¢alled "rigid bipole HVDC system" configuratipn,
shown in Figure 7 b). With this scheme, operation modes are limited but installation cpst

Bipolar HVDC system with’metallic return-HVBC-system

If 6
H

arth currents are not tolerable (as mentioned in 4.4, item d)) or if the distance between the
DC system terminals is.short, or if an earth electrode is not feasible because of high earth

reqgistivity, then the transmission line may be constructed with a third conductor to give a

bipolar HVDC system:*with metallic return—HVBC—system (Figure 9). The third condug
cafries unbalance currents during bipolar operation. It also serves as the return path wh
ong¢ transmissign.line pole is out of service. This third conductor requires only redud
voltage insulation and, in this case, may also serve as a shield wire if the line is overhe
However, if it'is fully insulated, it can serve as a spare conductor. In this case, a separ
shield wiresis required.

tor
en
ed
ad.
hte

other end of the transmission would float or be tied to its station earth through an arrester, a
capacitor or both.

With this design, the system can still be operated in the bipolar mode if one conduc

tor

becomes unavailable and the third conductor is fully insulated. Then, the neutrals at both
terminals should be connected to their local station earths, and care should be taken to hold
the unbalanced current flow to very low values. Loss of one pole will require blocking of the
other pole until the necessary switching has taken place for operation of the remaining sound

portions of the HVDC transmission system.
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Figure 9 — Bipolar-mretallic return HVDC system with metallic return

If pne—substation pole beécomes unavailable, the system can be operated in monopdlar
metallic return mode by- utilizing the other substation pole. This configuration is also called
"metallic return mode&(MRM).

Fof a metallic return scheme, DC fault current will flow into the AC system and partly come
ba¢k through-neutral point of transformers installed in the converter station. This current may
lead to therMmalfunction of protective relays installed in nearby stations, because of saturatfon
dug to DE&xCurrent. To prevent such malfunctions, insertion of neutral grounding resistor (small
reqistance) to transformers in converter station will be effective.

4.7 Two 12-pulse groups per pole

For a high-power ultra-high-voltage direct-current (UHVDC) converter arrangement, two
12-pulse units per pole may be a better solution to achieve required rating, because the
dimension and weight of converter equipment (especially converter transformer) would
become too large if only one 12-pulse unit per pole were used.

Two 12-pulse converters can be connected in series (Figure 10) or in parallel (Figure 11), and
the selection of converter arrangement depends on the specific requirements of the project.
On the other hand, if a project requires reduced voltage operation, for instance, due to
occasional salt contamination, then the series option-sheuld may be-selected preferred.
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The series and parallel
options are equivalent in terms of loss of transmitting power when a forced or scheduled
outage of a 12-pulse converter occurs. In both cases, only 25 % of the capacity will be lost,
assuming all converters have the same power rating—cenverters—are—employed. If sufficient
overload capability is available, full power or almost full power can be restored. For the series
option, the two poles can still operate with balanced current (without earth current) after a
forced or scheduled outage of a 12-pulse converter occurs. However, note that a by-pass
switch is required for each 12-pulse converter in series connected option. For the parallel
option, the two poles can still operate with unbalanced current when a forced or scheduled
outage of a 12-pulse converter occurs, while there is large current flowing through earth.
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Figure 10 — Bipolar system with two 12-pulse units in series per pole
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The cost of the two 12-pulse group per-pole arrangement, compared to one 12-pulse group
per pole for the same total rating, would be expected to be greater, and the control system
will become more complicated.

T
SR 3
- TF

IEY

ST
— I — I
O_ZE o ZE

v

i

IEC

Key

1 DC reactor

Figure 11 — Bipolar system with two 12-pulse units in parallel per pole

4.8 Converter transformer arrangements

Each 12-pulse converter requires two three-phase transformer valve windings, one
star-connected and the other delta-connected. These are provided by—either one of the

following:
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a)
b)
c)

d)
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one three-phase transformer with two valve windings, or
two three-phase transformers, one connected star-star and the other star-delta, or

three single-phase transformers each with two valve windings, one for star connection and
the other for delta connection, or

six single-phase transformers, connected in two three-phase banks, one connected
star-star and the other star-delta.

Depending on the HVDC system availability requirements, spare transformers may be needed

at one or both ends. If one three-phase transformer with two valve windings is used, only one
spare—thit-wottdbe—reauired—Since—the—star—and—de a-coffrectet
woluld be of different designs, spares considerations ach design.

ly one spare would be required for the single-phase, double-valve winding transformers

sinice all three would be identical. The last of the above options would suggest~two spare

trapsformers, one each for the star- and the delta-valve winding single-phase transformers.

spare transformers are not employed, alternatives b) and d) above allew for six-pulse

operation at half-power in case of a transformer outage, if the HVDC system is designed [for

Si®-pulse operation is not possible with alternatives a) and c).

5 mode of operation and the AC and DC harmonic conditions—weGld-be are acceptafle.

s not always needed to split the DC reactors, especially for parallel connection. The
mber and arrangement of DC reactors depend on the resultsof system studies and desigh.

=]

Converter transformers with a tertiary winding for reactive power and AC harmonic filter

€q

4.9 DC switching considerations

lipment may also be used.

There are a number of possible DC swijtehing arrangements intended to increase HVPC

sy

Manopolar metallic return operation.of a bipolar system is discussed in 4.5.

gtem availability.

Fof bipolar systems, DC switching may be provided (Figure 12) so as to allow the use of gny

co
sC
co
pa
tw
in

eme involving cables and where a fully insulated spare cable is available or cables are
nected in parallel\\If' one substation pole is out of service, then the cables can |be
alleled to reduce line losses. Generally, DC buses are fixed in relation to converters, with
¢ pole buses andja neutral bus. This would preclude connection of the two substation pojes
barallel.

ructor for connection te“any substation pole or to neutral. This arrangement is useful for a



https://iecnorm.com/api/?name=66502182ac01fed57119d13dfb151dc6

IEC TR 60919-1:2020 RLV © 2020 - 27 -

6 7 6
’_fWV\_“_/
1
o—
Z& — —
2 F Q'_ _ =
s ;
/ I — —
4/
3 N
\ N S~ 8
| 4
— I~
— -
2| F -
5 4
\_\AJ\A/_"_/AL -
5 IEC
Key
1 DC reactor 5 DC bus
2 DC filter 6 Pole
3 Two-converter-peles 7 Neutral
4 DC switches 8 DC line/cable
Figure 12 — DC switching of line conductors
However," if flexibility of connecting the two substation poles in parallel is needed, th
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vision for polarity reversal of at least one substation pole could be made and the neut
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Figure 13 — DC switching of converter poles
If an HVDC transmission system includes both overhead line and cable sections, a

SW

tching arrangement such as in Figure 14 may be used at the junction of the overhead 3

calble.Sections

20

DC
nd
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Figure 14 — DC switching — Overhead line to cable

Fof more than one bipolar line, paralleling of converter poles may be considered, in order to
allpw restoration of transmission capability (Figure 15) for transmission line outages.

Fof long bipolar lines in parallel, intermediate switching such as in Figure 16 may be provided.

4.10 Series-capacitor-compensated’ HVDC systems

—

Although the conventional line-commutated converter (LCC) technology has reached maturijty,
su¢h converters still have two-weaknesses:

a) | a large amount of reactive power consumption, roughly 50 % of its active power;

b) | susceptibility to A€\side disturbance, commonly observed as commutation failures.

To| overcome these weaknesses, further developments have been made using serigs-
capacitor compensation.

Practicallys.there are two types of series-capacitor compensated HVDC schemes.

e |Cdpacitor-commutated converter (CCC), in which series capacitors are included betwgen
e converter transrormer and tne vdlves.

e Controlled series capacitor converter (CSCC) is also suggested. In this scheme, the basic
topology of the converter is the same as the conventional topology; however, series
capacitors are inserted between the AC filter bus and the AC network. Occurrence of
ferroresonance with the CSCC option is eliminated by controlling the amount of series
compensation.
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Figure 15 — DC switching — Two bipolar converters and lines



https://iecnorm.com/api/?name=66502182ac01fed57119d13dfb151dc6

IEC TR 60919-1:2020 RLV © 2020 -31-

¢ H
r—— —
‘_\—
_ —— ®
i
1
[
—_—— 9
> —— —
‘_¥
3
2 IEC
Key
1 [Two bipolar lines
DC bus
DC switches

A W0 N

[Two bipolar lines

Figure 16 — DC switching — Intermediate

The CCC circuit shown schematiCally in Figure 17 a) is based on a topology in which ser

es

capacitors are included between the converter transformer and the valves. The CS{CC
cir¢uit has the series capacitors inserted at the connection of the filter bus to the AC system
as|shown in Figure 17 b)\This provides similar performance to the CCC, with the additiohal

adyantage of controllability of the reactive power exchange with the AC network.

Both alternatives( offer improved immunity from commutation failure, lower load reject

are lower than for the CCC configuration. On the other hand, the CCC in rectifier operati

on

¢rvoltages and-increased stability margins in power control mode, over the conventiohal

ng
he

1on

on

exhibits a smaller valve short-circuit current. The previously identified problem with
ferroresonance in the CSCC is eliminated through the application of controlled series

capacitors.
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a) Capacitor commutated converter (CCC)
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b) Controlled series capacitor converter (CSCC)

AC system e.m.f. 6 Overvoltage limiter
AC system impedance 7 Capacitor

AC system bus 8 Thyristors

AC filters 9 Converters
Converter transformer 10 DC reactor

Figure17 — Capacitor commutated converter configurations

e advantagés\of using CCC in comparison with conventional converter may be summarized
follows:

significantly less reactive power consumption, which, in combination with sharply turled
filter branches, eliminates the need for switching filter and shunt capacitor banks dur|ng

DO LA LA ADS.
PoOWwWTTT Tt oS;

immunity to commutation failure during AC side disturbance, which is beneficial with long
lines or cables feeding weak AC networks;

stable operation in lower short-circuit capacity systems;

lower overall installation cost in some cases, due to elimination of switchable filter and
shunt capacitor banks or synchronous compensators, in applications associated with weak
AC network connections;

robustness in situations of converter-arm short-circuit fault due to lower fault current;

less variation of reactive power during disturbances, which results in improved power
quality and reduced load rejection.
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The disadvantages are:

e increased harmonic current;
o slightly increased converter losses;

e requirement for detailed study of transient stresses on equipment;

e reduced inherent overload capability, due to the capacitor connected in series with the

converter;

e requirement for shielding against lightning and radio interference between the valve

windina the canacitor and the vvalve:
7 g T

slightly increased valve voltage stress.

en CCC or CSCC is being considered as an HVDC topology for a particutar ‘projsg
hould be emphasized that the selection of optimal system rating is different fr
copventional HVDC. Therefore, in order to make a selection between conventional HV
schemes and these alternatives, a detailed analysis is required with respect te economics 3
tedhnical performance, taking into account losses, installation costs, etc.

4.11 LCC/VSC hybrid bipolar system

In gase one pole of the LCC is combined with a VSC pole, a hybrid bipolar system of LCC &
will be formed. For an LCC/VSC hybrid bipolar system,special consideration should
taken because power reversal of the VSC system requirg§scurrent reversal, whereas L
changes voltage polarity. The combined operation of Joth systems will lead to excess
cufrent on electrode line or return line for one of the gower directions. In order to prevent t
prgblem, switches for polarity reversal should be installed on the VSC converter, as depic
in Figure 18.

The other possibility of LCC/VSC hybrid system is the case that consists of LCC for d
terminal and VSC for the other terminal.,This configuration can be applied to the DC syst
thgt transmits power to a weak AC system.

Adppted VSC for hybrid systems should be in asymmetrical monopole configuration.

ct,
bm
DC
nd

nd
be
CC
ve
his
ed

ne

1%
3
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voltage-sourced converter (VSC) 4 DC reactor
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polarity reversal switches 6 earth electrode

Figure 18 — LCC/VYSC hybrid bipolar system

5 | Environment information

The location and the information listed in Table 1 should be supplied for each HV

sulbstation.
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Table 1 — Information supplied for HVDC substation

Parameter Unit Examples of use and comments
Height above sea-level m For the design of air-cooling systems and for
air clearances
Outdoor air temperature °C The maximum temperatures are given for
rating purposes and the low temperatures for
overload capability requirements. If the user
intends to overload the equipment and
accept a corresponding loss-of-life
expectancy this should be stated and the
necessary information supplied
For low For rated If preferred, curves showing how-these
temperature power parameters vary over the year, o6 a monthly
capability capability basis, may be provided instead
Maxiium dry-bulb temperature °C °C Valve cooling, transformer_and reactor
design, AC and DC filter design
Maximum wet-bulb temperature °C °C Evaporative cooling, system design and|of
valve hall relative humidity
Maximum average dry-bulb °C °C Oil insulated Aransformer and-eH-nsulated
tempgrature for a period of 24 h reactor design
Minimum average dry-bulb °C - Transfofmer, reactor and disconnector
tempgrature for a period of 24 h switch'design and building heating needs
Minimum dry-bulb temperature °C - Transformer, reactor and disconnector
switch design and building heating needs,
AC and DC filter design
Maxinmjum and minimum indoor air °C °C Usually determined by the valve designpr for
tempgratures and relative humidity % A the valve hall and by the control designgr for
the control room
Indoof air temperatures and relative °C °C Specified if indoor temperature extremegs are
humidity during maintenance and % % too great for maintenance personnel
maxinmium transition time after
shutdpwn
Maximum incident solar radiation Building cooling, ratings of transformerg,
reactors, buses, etc.
Horizgntal surface W/m?
Verticpl surface W/m?
Wind ponditions
Maximpum continuous velocity m/s Equipment support and building design
Maximum gust velocity m/s Equipment support and building design
Maximum velocity at a minimum m/s Conductor, strain insulator and tower d¢sign
tempgrature ..... °C
Ice ar]d snow covering\oad
Maxinmum ice thickness with no wind mm Equipment and structure design, for
example, disconnector/switch, conductqr,
etc.
Maximunr ice/thickness with a mm Equipment and structure design, for
maximumwind speed of ..... m/s example, disconnector/switch, conductqr,
Maximum snow load N/m? Building design
Maximum depth of snow mm Equipment height above snow for safety
purposes
Rainfall Building and site drainage
Annual average mm
Maximum in a period of 1 h mm
Maximum in a period of 5 min mm

Fog and contamination

Utility practice for insulator washing
and greasing

To determine requirements for insulation and
air-cooling system filter design. An estimated
equivalent salt deposit density level should
be specified for insulator design

Keraunic level at the station and the
first 5 km to 10 km of the line

Strokes/km?/year (substation)
Strokes/100 km/year

Station lightning protection design
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Parameter Unit Examples of use and comments

Seismic conditions Equipment, structure and foundation design

Maximum horizontal acceleration m/s?

frequency range of horizontal Hz

oscillations

Maximum vertical acceleration m/s?

frequency range of vertical Hz

oscillations

Duration of seismic event Cycles

Cooling water available at the site (if Secondary cooling water may be used either

USed Or secoriddry L,(J(Jlillg) 10T TMdRe-up 4drna PDIio