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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INSULATION CO-ORDINATION -

Part 5: Procedures for high-voltage direct current (HVDC)
converter stations

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The objec}/of\ the IEC\js to promote

participate in this preparatory work International, ons liaising
with the |IEC also participate in this preparation. The IEC collaborates cIo 2l Organization
for Standardization (ISO) in accordance with conditions deterpfi 2ema ween the two
organizations.

2) The formal decisions or agreements of the |IEC on technica S
international consensus of opinion on the relevant subjects g ical co nmittee has representatlon
from all interested National Committees.

6) Attention is drawn to th
of patent rights. T: IE
The main task
exceptional circu 3
specification whe

ments of this technical specification may be the subject
¢ for identifying any or all such patent rights.

nittees is to prepare International Standards. In

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60071-5, which is a technical specification, has been prepared by IEC technical committee
28: Insulation co-ordination.

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
28/139/CDV 28/144A/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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This technical specification is published in English only.
Annexes A, B and C are for information only.

The committee has decided that the contents of this publication will remain unchanged until
2008. At this date, the publication will be

» transformed into an International standard
* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or

*+ amended.

@%
S
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INSULATION CO-ORDINATION -

Part 5: Procedures for high-voltage direct current (HVDC)
converter stations

1 General

1.1  Scope

This part of IEC 60071 provides guidance on the procedures for insula ordination of
high-voltage direct current (HVDC) converter stations, without 3 ' andardized
insulation levels.

1.2 Additional background

The use of power electronic thyristor
the unique control and protection

converter stations compared with substations\ i .0\ systems. This guide outlines the

procedures for evaluating the overvoltad the converter station equipment
subjected to combined d.¢/ a oW onic and impulse voltages. The criteria
for determining the protective SEXi parallel combinations of surge arresters

insulation co-ordination of converter stations, in
practice, are described.

The basic princi
so far as they diffecrfron

in modern HVDC converter stations. The basic arrester
these arresters and the process of evaluating the maximum
ay be exposed in service, are presented. Typical arrester

This guide includes insulation co-ordination of equipment connected between the converter a.c.
bus (including the a.c. harmonic filters, the converter transformer, the circuit breakers) and the
d.c. line side of the smoothing reactor. The line and cable terminations in so far as they
influence the insulation co-ordination of converter station equipment are also covered.

Although the main focus of the guide is on conventional HVDC systems where the commutation
voltage bus is at the a.c. filter bus, outlines of insulation co-ordination for the capacitor
commutated converter (CCC) as well as the controlled series compensated converter (CSCC)
and some other special converter configurations are covered in the annexes.
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2 Normative references

The following referenced documents are indispensable for the application 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 60060-1:1989, High-voltage test techniques — Part 1: General definitions and test
requirements

IEC 60071-1:1993, Insulation co-ordination — Part 1: Definitions, principles and rules

IEC 60071-2:1996, Insulation co-ordination — Part 2: Application guide

IEC 60099-4:1991, Surge arresters — Part 4: Metal-oxide surge arr¢
systems

Part 1: Electrical testing

IEC 60815:1986, Guide for the selecti

3 Definitions
For the purposes of this pé

Many of the following
arrester parameters.
IEC 60099-4, re @>

3.1
d.c. system vo
highest meaR
overshoots

3.2
peak value of con ous operating voltage (PCOV)

highest continuously” occurring crest value of the voltage at the equipment on the d.c. side
of the converter station including commutation overshoots and commutation notches (see
figure 6)

3.3

crest value of continuous operating voltage (CCOV)

highest continuously occurring crest value of the voltage at the equipment on the d.c. side of
the converter station excluding commutation overshoots (see figure 6)

3.4

overvoltage

voltage between one phase conductor and earth or between phase conductors having a peak
value exceeding the corresponding peak of the highest voltage of the system on the a.c. side
and the PCOV on the d.c. side of the HVDC converter station
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3.4.1
temporary overvoltage (TOV)
power frequency overvoltage of relatively long duration (IEC 60071-1)

NOTE The overvoltage may be undamped or weakly damped. In some cases its frequency may be several times
smaller or higher than power frequency.

3.4.2

slow-front overvoltage

transient overvoltage, usually unidirectional, with time to peak 20 ps < Tp < 5 000 ps, and tail
duration T2 < 50 ms (IEC 60071-1)

NOTE For the purpose of insulation co-ordination, slow-front overvoltages are classified according to their shape,
regardless of their origin. Although considerable deviations from the standard shapes occur on actual systems, in

this standard it is considered sufficient in most cases to describe such overvoltages b classification and
peak value.

3.43

fast-front overvoltage
overvoltage at a given location on a system, due to a lightning_di G cause, the
shape of which can be regarded, for insulation co-ordinatio i
standard impulse (IEC 60060-1) used for lightning impulse 1

Transient overvoltage, usually unidirectional, with tiry ) T1 < 20 ps, and tail
duration T2 < 300 us (IEC 60071-1).

3 p-frant and fast-f
to their shape, regardless of their origin. Although\considerable deyiations from the standard shapes occur on
actual systems, in this standard it is considered i in most cases tg/describe such overvoltages by their
classification and peak value.

344
very fast-front overvolt
transient overvoltage,
< 3 ms, and with super

3.4.5

3.4.6

two phase terminals of a phase-to-phase (or longitudinal) insulation and earth. It is classified
by the component of higher peak value

3.5

representative overvoltages

overvoltages assumed to produce the same dielectric effect on the insulation as overvoltages
of a given class occurring in service due to various origins (IEC 60071-1)

NOTE In this specification it is generally assumed that the representative overvoltages are characterized by their
assumed or obtained maximum values.

3.51

representative slow-front overvoltage (RSLO)

voltage value between terminals of an equipment having the shape of a standard switching
impulse
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3.5.2

representative fast-front overvoltage (RFAO)

voltage value between terminals of an equipment having the shape of a standard lightning
impulse

3.5.3

representative steep-front overvoltage (RSTO)

voltage value with a standard shape having a time to crest less than that of a standard lightning
impulse, but not less than that of a very-fast-front overvoltage as defined by IEC 60071-1

NOTE A steep-front impulse voltage for test purposes is defined in figure 1 of IEC 60700-1. The front time is
decided by means of system studies.

3.6
continuous operating voltage of an arrester (Ug)
permissible r.m.s. value of power frequency voltage that may be applied i v between

3.8

equivalent continuous operating vo <

r.m.s. value of the sinusoidal power frequent metalfoxide surge arrester stressed
by operating voltage of any wave-shape ame power losses in the metal-

3.9

residual voltage of annarres

peak value of voltage K ! etminals of an arrester during the passage of
a discharge curr@ C 9-4

3.10

co-ordination c

for a given syste arid for each class of overvoltage, the current through
the arrester presentative overvoltage is determined. Standard shapes of
co-ordination -front, lightning and switching current impulses are given in
IEC 600

3.1
directly protected equipment

equipment connected in parallel to a surge arrester for which the separation distance can be
neglected and any representative overvoltage be considered equal to the corresponding
protective level

3.12

protective levels of an arrester

for each voltage class, residual voltage that appears between the terminals of an arrester
during the passage of a discharge current corresponding to the co-ordination current

For HVDC converter equipment the following specific definitions 3.12.1 to 3.12.3 apply.
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3.121

switching impulse protective level (SIPL)

residual voltage of a surge arrester subjected to a discharge current corresponding to the
co-ordination switching impulse current

3.12.2

lightning impulse protective level (LIPL)

residual voltage of a surge arrester subjected to a discharge current corresponding to the co-
ordination lightning impulse current

3.12.3

steep-front impulse protective level (STIPL)
residual voltage of a surge arrester subjected to a discharge current ¢
co-ordination steep-front impulse current

ponding to the

3.13
co-ordination withstand voltage
for each class of voltage, value of the withstand voltag i ati énfiguration,

in actual service conditions, that meets the performance cri

3.14
required withstand voltage
test voltage that the insulation withstg

NOTE 1 For a.c. equipmegnt)
HVDC equipment, there is [no
convenient practlcas.
NOTE 2 The standard

3.15.1

withstanq voltage ofNnsulation with the shape of the standard switching impulse

3.15.2
specified lightning~impulse withstand voltage (SLIWV)
withstand voltage of insulation with the shape of the standard lightning impulse

3.15.3
specified steep-front impulse withstand voltage (SSFIWV)
withstand voltage of insulation with the shape specified in IEC 60700-1

3.16

thyristor valve protective firing (PF)

method of protecting the thyristors from excessive voltage in the forward direction by firing
them at a pre-determined voltage
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4 Symbols and abbreviations

The list covers only the most frequently used symbols and abbreviations some of which are
illustrated graphically in the single-line diagram of figure 1 and table 1. For a more complete list
of symbols which has been adopted for HVDC converter stations, and also for insulation co-
ordination, refer to the standards listed in the normative references and to the bibliography.

4.1 Subscripts

0 (zero) at no load (IEC 60633)

d direct current or voltage (IEC 60633)

i ideal (IEC 60633)

max maximum (IEC 60633)

n pertaining to harmonic component of order n (IEC 6

4.2 Letter symbols
K, atmospheric correction factor (IEC 6007

K. co-ordination factor (IEC 60071-1)

KS

Uch arrst@nclu g harmonics

Udio

Udim O\ account a.c. voltage measuring
Ug 60071-1 and 60071-2)

Uyo the valve side of converter
a “fiting angle” also used in this standard

B

y

u

4.3

CCC

CSCC

Cccov crest value of continuous operating voltage

ECOV equivalent continuous operating voltage

LIPL lightning impulse protective level

PCOV peak continuous operating voltage

PF protective firing

RFAO representative fast-front overvoltage (the maximum voltage stress value)
RSLO representative slow-front overvoltage (the maximum voltage stress value)
RSTO representative steep-front overvoltage (the maximum voltage stress value)
RLIWV required lightning impulse withstand voltage

RSIWV required switching impulse withstand voltage

RSFIWV required steep-front impulse withstand voltage

SIPL switching impulse protective level
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STIPL
SLIWV
SSIwV
SSFIWV
TOV

steep-front impulse protective level

specified lightning impulse withstand voltage
specified switching impulse withstand voltage
specified steep-front impulse withstand voltage
temporary overvoltage

4.4 Typical HVDC converter station schemes and associated graphical symbols

Figures 1, 2 and 3 show the single line diagrams of typical HVDC converte
with two 12-pulse converter bridges in series. The main differences beg

tations equipped
tweeh the schemes

consist in the presence, or not, of commutated capacitors (figure Qlled series

capacitors (figure 3) on the a.c. side of the HVDC converter station.

NOTE Figures 1, 2 and 3 show all the possible arresters covered in this standa
eliminated because of specific designs.

Table 1 presents the specific graphical symbols associat i X.and 3 and which
are defined for the purpose of this report. Arrester desi i G ils_opr their design and

specific roles are presented in clause 9.

ACfiter |
arrester

—Ar
3
/d

DC line / cable
ctor .
arrester DC bus | DC line/cable
d arrester | arrester
Converter [DB] [DL]
d.c.bus _1_
arrester
DC filte:@ ) )
arrester
[FD]
Mid-point
d.c. bus
arrester

Neutral bus Electrode line

r Y
Neutral bus
[E] arrester
< =

IEC 1610/02

Figure 1 — Single line diagram of typical converter pole

with two 12-pulse converters in series
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Ve DC line/cable
Valve Iil
arrester
\Y] [DR]
Bridge | DC reactor DCbus | DCline
i arrester| arrester arrester | arrester
Capacitor
9 arrester ) [B;H\ H (B
[A] Converter [DB] DL
dc.bus 1
i arrester
AC bus “=DC filter = =
arrester arrester
Mid-point
[CC] b [M] d.c. bus
9 arrester
° ° A \4!
l AC filter l AC reactor (Al —| i
arrester arrester H .
[SR] [CC] ~ Neutral bus Electrodeipe
[FA] = .

L Neutral bus
- [E] arrester
-

.
% IEC 1611/02

Figure 2 — Single line diagram of typical capacitor c nverter (CCC) pole

/ [DR]> DC line/cable
A i Bridge | Svemtor 1% DCbus | DC line
arrester| arrester | arrester
r | BI\ [CB]
Converter [DB] DL
g' d.c. bus
L [SC] [CSC] arrester
"DC filte = =
arrester
[FD]
Mid-point
b [M] d.c. bus
arrester
1 Aciter AZ reatt
arrester l i
} = Neutral bus Electrode line
PY o
L Neutral bus
= [E] arrester
_ =

IEC 1612/02

Single line diagram of typical controlled series
compensated converter (CSCC) pole with two 12-pulse converters in series

Table 1 — Symbol description

Symbol Description

Valve (commutation group)

Valve (one arm)

—B
7 Arrester

—{ Resistor
—m— Reactor
— — Capacitor
—CD— Transformer with two windings

l

Earth (ground)
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5 Principles of insulation co-ordination

The primary objectives of insulation co-ordination are
— to establish the maximum steady state, temporary and transient overvoltage levels to which
the various components of a system may be subjected in practice,

— to select the insulation strength and characteristics of equipment, including those for
protective devices, used in order to ensure a safe, economic and reliable installation in the
event of the above overvoltages.

5.1 Essential differences between a.c. and d.c. systems

In terms of the above objectives, insulation co-ordination applied to an HVDC converter station

e voltage polaritpneffects of . , by attracting greater contaminants to the d.c.
insulation b G ity, lead to greater creepage and clearance
requirements dnd » and flashover performance compared with a.c.

insulation unde

¢ long overh ines7and cables without intervening switching stations;
* interaction E 2. and d.c. systems, particularly where the a.c. system is
relative :

fundamental frequency voltage, harmonic voltages and high frequency components;

e the various opera
terminal.

ing modes of the converter such as monopolar, bipolar, parallel or multi-
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5.2 Insulation co-ordination procedure

Table 2 is a flow chart showing the comparison between the insulation co-ordination procedure
for a.c. systems (refer to figure 1 of IEC 60071-1) and for HVDC converter stations.

The general method of investigation is basically the same for an a.c. scheme as it is for an
HVDC converter station. This requires:

e an evaluation of characteristics of the system and the HVDC converter station;
e an assessment of the nature of the insulation in each equipment;

« the determination of different representative overvoltages;

e consideration of the type of overvoltage protection adopted andQ
imposed to surge arresters and determinant on their design

e resses

However, characteristics of insulation and voltage distrib¢ for a.c. and d.c.

QQ%@\@
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Table 2 — Comparison of the selection of withstand voltages for three-phase a.c.
equipment with that for HVDC converter station equipment

Flow chart for the
determination of rated or Deviations from IEC 60071-1
standard insulation levels in the selection of withstand
for three-phase a.c. voltages for HVDC converter
equipment according to station equipment
IEC 60071-1

i System analysis.
System analysis Same approach as for a.c.

v v

/T
Representative voltages Represggﬁg": V‘?(';‘:gﬁzanor vervoltages.
and overvoltages pproach B X\

v LN

Selection of the insulation Selection of th insw etﬁgt\hé
meeting the performance perfermance critetion.

criterion Sande appto er a.
0-0r 'naWtand voltages
i inthe same way as for a.c.
uipment requiring a

with surge arresters
uipment), co-ordination

Co-ordination
withstand
voltages

-ordination currents

' e —— '
Application of factefs tw Q) pphcation of factors to account for the
for the differences betweenltype ifferences between test conditions and
test cond!tlo and ctual Q actual service conditions.
service conetll Same approach as for a.c.

C > X <
Required withstand voltages.

Reqwred/\vﬂtrétéﬁ}i\vo\ltageé Same approach as for a.c.
\\/ '
\\\¢\ Selection of standard withstand voltages for

a.c. side equipment only.
e \f tandard The present step is skipped for equipment
on d.c. side because there are no

o =
(]
(2
[P
<
=
<.
>
«
—
>
(0]
Q.
[¢]
—
[¢]
=
3
>
Q
=
o
=)
o
=
—
>
(0]

Iy

v

ion
S voiages standardized withstand voltage levels for
such equipment

2V Y

. ‘ Set of standard withstand voltages is

Rated o_r standard insulation applicable only for equipment on the a.c. side.

|eV.e|- set of standard For equipment on the d.c. side, specified

withstand voltages insulation levels are rounded up to

convenient practical values
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6 Voltages and overvoltages in service

6.1 Arrangements of arresters

Since the late 1970s, overvoltage protection of HVDC converter stations has been based
exclusively on metal-oxide surge arresters. This is largely due to their superior protection
characteristics compared with the gapped SiC arresters (earlier technology) and their reliable
performance when connected in series or parallel with other arresters. The actual arrangement
of the arresters depends on the configuration of the HVDC converter station and the type of
transmission circuit. The basic criteria used however is that each voltage level and the
equipment connected to it is adequately protected at a cost commensurate with the desired
reliability and equipment withstand capability.

pulse converter per pole. It should be noted however, that some\of h
deleted, depending upon the overvoltage withstand capability S
that point, and upon the overvoltage protection afforded b
at the same point. For example, the d.c. bus can be pre
the bridge (B) and mid-point d.c. bus (M) arresters
bus arrester (CB).

AC bus
1
2

FA1[ 3

10 DC line/cable

FA2
DL
DR

] ﬂlM FD1 [ FD2
E =
S OAL

8 Electrode line

Neutral bus
E EL

I

IEC 1613/02

NOTE This figure shows all the possible arresters covered in this standard. However, some of them may be
eliminated because of specific designs.

Figure 4 —- HVDC converter station diagram with 12-pulse converter bridges

Similar protective arrangements may be used for stations with two 12-pulse converters per pole
or for back-to-back stations. In the latter case, only the valve arresters (V) are normally needed
on the valve side since the operating voltage is much lower than for a line or cable
transmission scheme. However, mid-point bus (M) or bridge (B) arresters are sometimes

included. Documents
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For HVDC converter stations connected directly to d.c. cables, the d.c. line/cable arrester (DB
and DL) may be deleted since the pole may not be exposed to fast-front overvoltages.

On the a.c. side of the HVDC converter station, phase-to-earth arresters (A) are normally
provided to protect the converter a.c. bus and the a.c. filter bus.

Arresters are also normally connected across both a.c. and d.c. harmonic filter reactors or from
the high-voltage terminals of the filter reactors to earth, as shown in figure 4.

In systems involving a combination of d.c. cables and/or overhead lines, arresters may be
needed at the cable terminations to protect them from overvoltages originating from the
overhead line.

More detailed discussion of the need for and the requirements of the
clause 9.

* Overvoltages generated on the a.c. side should, as fa
on the a.c. side. The main protection is given by the acs

« Overvoltages generated on the d.c. or earth el
limited by d.c. line/cable arresters (DB and D
bus arresters (E).

by arresters connect
arrester (M) and a
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Lac. (1-6),C1-2) Loc. (2-G),C3-G) Loc. (5), (6 {(ph—ph)
€2-3)

Lac, (7-8),¢7-9) Loc. C9-82 lLoc. (18-G)

y AN

The continuous operating voltage for HVDC arresters differs from that for normal a.c. arresters
in that it consists of not simply the fundamental frequency voltage but rather of components of
direct voltage, fundamental frequency voltage and harmonic voltages, and high frequency
transients.

The switching action of the valves produces high frequency turn-on and turn-off commutation
transient voltages which are superimposed on the commutation voltage. The overshoot at turn-
off increases the transformer valve-side winding voltage and in particular the off-state voltage
across the valves and associated valve arresters. The amplitude of the overshoot is
determined by:

« the inherent characteristics of the thyristors (particularly the recovery charge);

« the distribution of the recovered charge in a series-connected string of thyristors in a valve;

« the damping resistors and capacitors at individual thyristor levels;

« the various capacitances and inductances within the valve and commutation circuit;

» the firing and overlap angles,

+ the valve commutation voltage at the instant of turn-off. Documents
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Special attention shall to be paid to the commutation overshoots with respect to energy
absorption in the valve arresters and other arresters on the d.c. side.

The continuous operating voltage waveform for the valve and valve arrester (V) is shown in
figure 6. The CCOV (defined in clause 3) is proportional to the Uy, and is given by:

CCOV = % x Ugim = 2 x Uyg
Refer to 4.2 for the definition of Uy;,, and U, .

Operation with large delay angles a increases the commutation overshoots and special care
shall be taken that these do not overstress the arresters.

T/2

[
' 8

a+p

a PCOV

IEC 1615/02

gy originate from switching, faults, load rejection or lightning.
he a.c. network, its impedance and also its effective damping

they shall be takemipto account in the overvoltage evaluation (e.g. distance effects) and in the
location of arresters.

Overvoltages on the d.c. side may originate from either the a.c. system or the d.c. line and/or
cable, or from in-station flashovers or other fault events.

In assessing the overvoltages, the configuration of the a.c. and d.c. systems shall be taken into
account as well as the dynamic performance of the valves and controls, and credible worst
case combinations, as discussed in 6.8. Impacts on arrester requirements are discussed in
clause 9.
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6.4.1 Slow-front and temporary overvoltages on the a.c. side

Slow-front and temporary overvoltages occurring on the a.c. side are important to the study of
arrester applications. Together with the highest a.c. operating voltages (U) they determine the
overvoltage protection and insulation levels of the a.c. side of the HVDC converter station.
They also influence valve insulation co-ordination.

Slow-front overvoltages on the a.c. bus of an HVDC station, can be caused by switching of
transformers, reactors, static var compensators, a.c. filters and capacitor banks connected to
the converter a.c. bus, and by fault initiation and fault clearing as well as by closing and
reclosing of lines. Slow-front overvoltages occur with high amplitude only for the first half cycle
of the transient with significantly reducing amplitudes for subsequent cycles. Slow-front
overvoltages which originate at locations in the a.c. network remote from the HYDC converter
station usually have magnitudes which are relatively low in comparisonwith those caused by
events occurring close to the converter a.c. bus.

During the operating life of the equipment, switching of equipmg exconverter
a.c. bus may occur many times. The overvoltages caused by th Y itching operations
are generally less severe than the slow-front overvolz S faults. However,
SW|tch|ng -off of a circuit breaker can, in rare cases, produce re pmenon and this

6.4.1.1

Because of the frequency, 6 enerally desirable that the surge arresters
used to protect equipmentdo w abs be energy during these events. Hence, in
some cases, the slow-f such routine operations are minimized by
the use of circuit brea er closing and/or opening resistors, or by synchronizing
the closing and/g F ircun aker poles, or equipping the breaker with arresters
across the poles) 2 N Ql system can also be used to effectively damp certain

overvoltages such as

Energization o 8 causes inrush current, due to saturation effects, containing
harmonics dgmi d>order harmonic and other low order harmonics. If one or more
of these ha i - , in a network with low damping, high
harmoni6.voltages \are produced in the network leading to overvoltages. In an HVDC station,
resonant conditions a en more severe because of the presence of a.c. filters and capacitor

S itances lower the resonance frequency and second or third harmonic
resonances may be/present. These overvoltages can last for several seconds, such as
temporary overvoltages.

6.4.1.2 Overvoltages due to faults

When an asymmetric fault occurs in the a.c. network, transient and temporary overvoltages
occur on the healthy phases, influenced by the zero sequence network. In solidly earthed
systems that are typical for networks connected to HVDC stations, the transient overvoltages
(phase-to-earth) normally range between 1,4 p.u. and 1,7 p.u. and the temporary overvoltage
from 1,2 p.u. to 1.4 p.u.

At fault clearance following a single-phase or three-phase fault close to the busbar of the
HVDC station, the saturation of the transformer depends both on the fault instant and on
the fault clearing instant. It is therefore necessary to vary the fault conditions when this
phenomenon is studied. This fault case is discussed further in clause 9.
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The highest temporary overvoltages usually occur in conjunction with sudden three-phase
faults and complete load rejection if the converters are blocked as a consequence of the fault
without simultaneous disconnection of filters. The filters and capacitor banks together with the
a.c. system can result in low resonance frequencies. The temporary overvoltages due to faults
can be more severe both from the overvoltage point of view and with regard to possible
arrester energy stresses. The presence of filters tuned or damped at frequencies between the
second and the fifth harmonic can often be effective in reducing the distortion of the voltage
and thereby the stresses on the arresters but at a very high cost. AC active filters may be used
for this purpose.

6.4.2 Slow-front and temporary overvoltages on the d.c. side

Except for the a.c. side overvoltages transmitted through the convertg ansformers, the
d. c. side msulatlon co-ordination for slow-front overvoltages and temprary owervoltages is

In HVDC converter stations with series
pass operation on one converter while #tie 'second

considered, particularly during inverten operation. i i i i
co-ordination of parallel connected coverid briits. Some information on these and
enNn

other special converter configuxations is giv

6.4.3 Fast-front, ve

The different se p C tations should be examined in different ways for

fast-front and steep-4 ages\ The sections include:

¢ a.c. switchyard s line entrance up to the line side terminals of the
converterAra

« d.c. the line entrance up to the line side terminal of the smoothing
reactey;

the valve sideMerminal of the smoothing reactor.

The converter bridge section is separated from the other two sections by series reactances, i.e.
at the one end, the inductance of the smoothing reactor and at the other end, the leakage
reactance of the converter transformers. Traveling waves such as those caused by lightning
strokes on the a.c. side of the transformer or on the d.c. line beyond the smoothing reactor, are
attenuated (but may also be capacitively transferred as discussed in 9.4.3) due to
the combination of series reactance and shunt capacitance to earth to a shape similar to
slow-front overvoltages. Consequently they should be considered as part of the slow-front
overvoltage co-ordination.

The a.c. and d.c. switchyard sections have low impedance compared with overhead lines. The
differences from most conventional a.c. switchyards are the presence of a.c. filters, d.c. filters
and possibly large shunt capacitor banks, all of which may have an attenuating effect on the
incoming overvoltages.
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