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FOREWORD

This amendment has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic
systems and equipment.

The text of this amendment is based-onthe following documents:

DTR Report on voting
22F/277/DTR 22F/286A/RVC

Full information on the voting for the approval of this amendment ca
on voting indicated in the above table.

the stability date indicated on the IEC web site under
related to the specific publication. At this date, the publjcati

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

A bilingual version of this publication ater date.

19.2.2 RFI propagation
19:2.3 RFI characteristics

19.3 RFI performance specification

19.3.2 Specification RFI limit and its verification
19.3.3 Design aspects

Add the title of Annex A as follows:
Annex A (informative) Factors affecting reliability and availability of converter stations

Replace, in the list of figures, the title for Figure 23 as follows:
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Figure 23 — RY COM noise meter results averaged — Typical plot of converter noise levels on
the d.c. line corrected and normalized to 3 kHz bandwidth — 0 dBm = 1 mW corresponding to
0,775V at a pole-to-pole surge impedance of 600 Q

Add, in the list of figures, the title for Figure 25 as follows:
Figure 25 — Recommended measurement procedure with definition of measuring point

Figure 7 — Bipolar system

Replace Figure 7 by the following new figure:

> 2
o @ | (I

IEC 807/13

Key
1 DC reactor
2 DC filter

3 Eartb-€lectrodes

Figure 7 — Bipolar system

Figure 10 — Bipolar system with two 12-pulse units in series per pole

Replace Figure 10 by the following new figure:
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Figure 10 — Bipolar system with two 12-pulse units in series per pole
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Figure 11 — Bipolar system with two 12-pulse units in parallel per pole

Replace Figure 11 by the following new figure:

IEC 809/13

Key

1 DC reactor

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

Replace, in item 1) the words “100 Hz” by “two times of the fundamental frequency”.
Replace, in item 3) the words “100 kHz” by “two times of the fundamental frequency”.

11.1 General

A ol “

ol H £l o L £4 F ol £ P H A H +lo 4+
AU, 1T trie oTLuUrniu parayraport artcr Ulc oCTLUINTU  oTTILTTIVT TITUITTy - JuUTirTy uic dvitpidiivc

period of an HVDC system.” the following new sentence:

Please refer to Annex A for more information on factors affecting reliability and availability of
converter stations.

13.6 Optical fibre telecommunication

Add the following new sentence at the end of the third paragrapt

Use of OPGW (optical ground wire) as one of shielding
used in many overhead lines schemes.

Rical arrangement

18.1 General

Where dBm is d
1,0 mW, which corre

Add the
evaluate

ce at the end of the sixth paragraph after "...should be

It should be coftsidered that the cost for a broad band PLC filter is significantly higher than
the cost for- a narfow band PLC filter. Especially, filters for the lower frequencies
20 kHz t0*50 kHz cost significantly more than PLC filters for higher frequencies.

Figure 23 — RY COM noise meter results averaged — Typical plot of converter noise
levels on the d.c. line corrected and normalized to 3 kHz bandwidth - 0 dBm = 0,775V

Replace the existing title of Figure 23 by the following new title:

Figure 23 — RY COM noise meter results averaged — Typical plot of converter noise
levels on the d.c. line corrected and normalized to 3 kHz bandwidth — 0 dBm =1 mW
corresponding to 0,775 V at a pole-to-pole surge impedance of 600 Q
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19 Radio interference

Replace the title and text of Clause 19 by the following:

19 Radio frequency interference

19.1 General

Historically Radio Frequency Interference (RFI) from high voltage electric power installations
has been related to interference with AM broadcast distribution due to high voltage a.c.(ine
corona. Consequently, this aspect is covered well in the literature and in relevant standards,
i.e. the CISPR 18 series. RFI from substations has been of minor practicat’congern. Fherefore

substations, including HVDC substations. The analysis is basged
measurement results.

One important aspect that is treated in the Technical Bro

19.2.1 RFI sources

RFI energy at the”HVDX
valves, from co
discharge activities

d by the turn-on and turn-off sequences in the
itchgear and lines, and from sparking and gap

The RFI noise from the va S on is predominantly produced by the fast voltage collapse
during the t 9 hese transients excite localized resonance circuits formed by
stray capaqi
transforiers e

RFI generated By the a.c. corona in the high voltage a.c. switchyard of the HVDC substation
varies significantly with the weather conditions and is highest at bad weather. RFI generated
by d.c. ¢arona is highest near the positive conductor and decreases with the radial distance
from the conductor. DC corona does not vary very much with the weather conditions and is
somewhat higher at fair weather.

Rocaont maoaciiraman man 1 ha o oinn
1 f }

et oo otTyY

surerments ere ¥
the a.c. part of a substation, especially at dry weather conditions if the substation is old. This
high frequency RFI noise is considered to be generated by gap discharge and/or sparking
activities. For more information reference is made to CIGRE TB No. 391.

19.2.2 RFI propagation
RFI generated in the HVDC substations may propagate as:

a) a guided wave transmission propagating along the HVDC transmission line;

b) a guided wave transmission propagating along the a.c. transmission lines;



https://iecnorm.com/api/?name=068ee86ca9f13e8e54aceb4d0138f3ee

c)

-8 - TR 60919-1 Amend. 1 © IEC:2013(E)

direct wave radiation from the HVDC substation.

The attenuation of the RFI versus distance varies with the frequency as follows.

a)

b)

The attenuation for the line-to-earth mode of RFI propagating along the lines is in the
order of 3f0.8 dB/km with f in MHz. The attenuation varies with line design parameters and
the soil resistivity.

The attenuation for the line-to-line mode of RFI propagating along the lines is in the order

of ﬂ’Qf0,8 dB/km with fin MHz The attenuation varies with line Hoeign pnrqmnfnre and-the

a)

b)

o)

soil resistivity.

The physics for attenuation of the direct wave RFI with distance is quite complex. As.an
approximation, at a distance from a substation shorter than A/2xn or longer at a,certain

Interfe ;
produced ~during \the turn-on sequences of the valves and also depends on circuit
parameters: /oltage jumps at turn-off has less impact as the rise time at turn-on is

much-shorter than the rise time at turn-off.

Aslthe RFI due to the converter commutation process depends on the circuit resonances,
tRe frequency spectrum is quite irregular.

Due to the defined rise time for the voltage jumps at turn-on, the RFI due to the

d)

e)
f)

bUIIIIIIutdtiUII PIuttcss dbbdyb fUl fluqucubica dIUUVC 1 rV’iHL alld ;b IIUg“giIUiU fUI
frequencies above 10 MHz.

The noise that comes out from the valve hall is predominantly the noise conducted through
the wall or transformer bushings if the valve hall is designed with good RF shielding.

The noise level is essentially independent of the operating current.
The number of converters has minor impact on the noise level.

The dominant mode for all RFI generated in a substation is the line-to-earth mode.
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19.3 RFI performance specification
19.3.1 RFl risk assessment

The process for the specification should start with an RFI risk assessment regarding any local
conditions requiring specific precautions regarding RFI. It should be noted that the risk for
interference is related to nearby radio receivers, not to nearby radio transmitter. A nearby
airport may imply an extra risk for RFI with the airplanes approaching the airport for landing.

Of special concern is interference related to the non-directional beacons (N DB) as thein
operating frequency is coincident with the frequency range for the converter RFI emission.

Also local communication centres with dual communication such as fire brigade~stations
should be considered in the risk assessment.

The important factors are: Frequencies used, the bandwidth, the
signal requirement and the distance to and the location of the a

19.3.2 Specification RFI limit and its verification

(ottage“xanges, For practical reasons, then overall
eme ts xhall be performed under fair weather
a.c—or

verified by calculation.

The requiremen@ll : :
frequency for the ire 9 kHz to 1 GHz. There should be one graph for the
its. Suitable limits for the normal cases are given in

—
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measuring distance for substations, normally 200 m for an HVDC substatio

measuring distance for lines that is 30 m up to 600 kV a.c. and 50 m for h
one third of d,

most relevant positions for measurement

w

- Q Q Q
N

Figure 25 - Recommended measurement proce

RFI level at 0,5 MHz o

19.3.3 Design@

The valve-hall buiNing i incorporate necessary shielding to meet the RFI
requirement without a S tchyard screening. Special attention should be given to
minimizing thé Y ane loops with high frequency transients conducted through the
valve and the gs

The specifiea Q
the specified I ere should also be a statement regarding estimation of the expected
RFI level by . calctgtion during the design stage, within the entire frequency range. This
estimation“shall cover both the RFI from the substation and the RFI from the line, as defined
in Figure*25. In this estimation also bad weather a.c. corona within the substation should be
considered.

Add the following Annex:
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Annex A
(informative)

Factors affecting reliability and availability of converter stations

This annex explains various factors affecting reliability and a vallablllty

Mdoaolf ond ot oot f raliohility, oA PP PN SNH T 1+ FAren

o H W]
HSerr—afaHhottme—evardaton——ot rCTraoTty aha clvclllclulllly rerrray UU TTOT G

applicable to every HVDC substation and/or HVDC user.

NOTE The owner/user should specify specifically such reliability & availability requirements, as,k deemed
applicable for the HVDC project. Without a mutual specific agreement between the supplj ufacturer and the
user/owner; this annex is only for information and guidance.

A.1 Design and documentation

A.1.1 General

A.1.2

a) For bipolar converters, the designer s S iakattention to avoid bipolar forced
outages and keep such duration 0 a minimum s effort requires emphasis on such
areas as subsystem and syste ection coordination, proper setting of
protections, spare pagts,\and paration of the subsystems of the two
poles

b) Except where the yse S G ) ingent design requirements, no single failure
of equipment nn i itions shall lead to more than a pole forced
outage, and inati ipmert failures within an HVDC converter pole should
ever cause a fofc€d ot xte ding beyond that pole. It may be noted that under some
operating confjg NOF ’balanced operation with station earth), this may not

be avoidable.

c) Subject \ ating policy, no more than one pole at a time should need
de- en 3 3 a\presgridition to any scheduled maintenance task. Furthermore, the

d) The converiets shyuld be designed to prevent, wherever possible, false power reversals
due to.equipmentfailure, malfunction, or operator error.

e) Alleantrol and protection systems should be designed so that no single failure in any of
these systems causes a reduction in rated HVDC power transfer capacity.

f) ,\The control and protection equipment should be designed to cause no more than a defined
number of discrete transient disturbances (with a minimum duration defined by the user)

per pole per year; but excluding transient disturbances occurring while the HVDC controls
and protections are responding, as designed, to problems originating in the adjacent a.c.
system(s).

g) Throughout the design of the HVDC substation, and particularly in the valve halls, care
should be taken to identify and to prevent possible causes of fire for example by use of
fire retardant material. Where the possibility of fires may not be eliminated entirely,
provision should be made for the following conditions.

e Fire detection and alarming.

e Human verification to avoid false tripping and unnecessary initiation of suppression
measures, if applicable.
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h) The user may specify that the design and placement of auxiliary equipment (including their
associated controls and protection) be such that a single equipment failure does not
reduce rated HVDC power transfer capacity. Redundant cooling pumps, cooling fans, and
heat exchangers would be one approach to meeting this requirement.

A.1.3 More detailed design principles

The following features would improve performance when designed into the controls,
protections, and similarly organized equipment.

a) The least complex design capable of performing a required function.

b) Components that are applied within their individual ratings and that have been proven-in
service or have undergone applicable accelerated life stress tests before-commissioning.

c) Pre-aged components (a burn-in period should be applied to all gle

incorporation into larger assemblies).
d) Circuits using common components (to reduce the number of

e) Design practices (such as surge protection, filtering, i 3 fers) to render
sensitive components and circuits immune to danta i ance by induced
voltages and currents in external cabling and cubiclewici

f) Fail-safe and self-diagnostic designs.
g) Redundant equipment and control cables, wi

h) Physical separation of redundantab
and other such hazards.

i) Designs that, in the event of co
mode.

k) Modular con cti
subassembli

[) Identification
equipment to

A.1.4

Typically, N protection functions in HVDC substations are implemented as
software. The Qv eliability of a HVDC substation is directly impacted by the quality of this
software.

a) As( with hardware, general quality assurance methods, principles, and organizations
should be employed for software design and application. Organizational methods, audits,
and certifications, as defined, for example, in the ISO 9000 family (see 4.5, 4.9, 4.10, 4.11,
and 4.12 of 1SO 9001:1994 [B12], and ISO 9000-3:1997 [B13] in particular) and the

ISO 10000 family, apply here.

b) Most of the general design principles mentioned in A.1.2, and most of the specific
principles listed under A.1.3, are applicable to software as well. For example, the principle
of minimum complexity should be observed to minimize the possibility of errors and to
ease maintenance and repair. Use of proven standard function blocks (for control, logic,
and communication) is recommended. These proven standard function blocks are
configured (i.e. parameterized and combined) to provide the HVDC control and protection
structure as needed. In order not to achieve robustness at the expense of jeopardizing
performance, this “function block” approach should be used only by well-trained,
experienced personnel employing adequate hardware and software of familiar design.
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c) Software offers fundamental reliability-related advantages over hardware. These
advantages should be used in all HVDC converter applications. For example, self-
monitoring, self-diagnostics and fail-safe software should be applied prudently. Automatic
documentation features should be used for diagrams, test reports, and manuals. All major
control and protection functions should be included in the simulation tools used for the
overall control and protection system design. The identical software combination should
then be implemented and tested as part of the actual control and protection equipment.

d) Awareness of the specific software-related problems and risks is necessary as well.

potentia—computer—faitures, auxitiary power —outages, TSk of —umauthorized—access;
vulnerability to viruses, as well as the inevitable existence of (hidden) software faults
should all be taken into consideration. Some of the remedies to be applied are usé™of
proven and reliable computer, processor, and interface hardware; uninterruptible power
supply; limited access; safely stored back-up software etc.

A.1.5 RAM records

A.2 Operation

A.21 Training

A.2.1.1 The role of training in H

A.2.1.2 Training cpv

In general, trainjrig shoyld be give
if possible, beforeth |

h operation and maintenance, given separately, even if attended by the
same «personnel” All items of equipment, whether special or conventional, should be
covered by both courses.

c) Experience gained from participation in installation, testing, pre-commissioning, and
commissioning, after these lectures have been assimilated. If possible, the testing of
converter valves and of controls should be witnessed by some trainees.

NOTE Here, too, video recording is highly advisable — particularly for relatively uncommon events such as the
replacement of a converter transformer, smoothing reactor, or thyristor.

d) Practical exercises to ensure that trainees are able to operate the station in a safe and
efficient manner.

A.2.2 Maintenance programs affecting reliability
A.2.21 Basics

The goal of maintenance planning is to reach an optimum balance between the total expense
of scheduled outages and the frequency of forced outages. Maintenance may be as follows:
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a) preventive: to maintain or improve the equipment ability to operate;

b) predictive: to ward off a perceived imminent danger of forced outage;

c) corrective: to clear a forced outage.

Maintenance tasks, having intervals less than one year, may be on-line tasks, specially when

the system design includes redundancy. These tasks may be planned and executed as on-line
maintenance throughout the year.

Most, but not all, maintenance tasks having intervals equal to or longer than one year are
(subsystem or component) off-line tasks. Depending on whether a redundant subsystem. or
component exists and on whether it is accessible when the system is on-line, its maintenance
is either made part of the (system) online maintenance or declared a (sys ) off-line, task.
g an/annual

scheduled outage.

A.2.2.2 Designing systems and specifying equipment for opt ihapility

RCM focuses on the prioritization of the tasks a o their perceived necessity, instead
of just performing the wog i instanege, the manufacturer’s maintenance
manuals. As a typical regult,N i QMmpo ts iy different locations might have different

iteria spiéh as the following:

— function within the §yst S &
— probability or, also idering the stress conditions;

— identifying™hich rmaintenance tasks are indispensable;

— determining which further maintenance activities would improve reliability by reducing the
expaosure to failures, delaying their occurrence, facilitating their detection, etc;

— tutorials, reports, and other types of literature on RCM that are available.

After the RCM analysis, the HVDC user should consider further factors in order to refine the

overallmaintenance plan—These factors areasfollows:

— vendor warranty requirements;

— applicable standards requirements;

— other contractual requirements;

— liability and insurance requirements;

— economics.

A special feature of HVDC bipole systems that are able to transmit 50 % (or more) energy on

either pole and 100 % energy on both poles is that one pole may undergo a scheduled outage
while the other pole is in operation (provided the equipment layout and the power network
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allow this option). In such cases, the user might divide the annual scheduled outage into three
parts: one pole outage for each pole, and a scheduled bipole outage (for any equipment
common to both poles, irrespective of the design goals of A.1.2).

Finally, planning off-line maintenance on an annual basis does not mean that all annual
scheduled outage plans are identical, even if the equipment list remains unchanged, for the
following two main reasons.

9) Tasks with prner\rihod mntervals nqllnl toor Inngnr than two years-are not carried out year

by year.

b) Although constant component failure rates are assumed, failure rates tend to change-with
time according to the “bathtub curve,” and as a function of the mechanical  and/or
electrical stresses to which the components are subjected.

A.2.3 Spare parts

A.2.3.1 Types of spare parts
A.2.3.1.1 Consumables

A.2.3.1.2 Long-term spares

a) Parts needed only at |dhg intery

b) Emergency itexas
the failure r

Early in the life of

station in the inventery. In general, the amount of spare parts kept in the station’s inventory is
proportignal to the cost of the station’s downtime and is based upon field experience with
similaf_equipment or apparatus. The user should, therefore, decide what items need to be
keptton hand and what may be supplied by the manufacturer by considering the following:

a)” items with an expected high failure rate,

b) items with a long lead time for replacement,

c) items critical to the operation of the station,

d) items not readily available from the manufacturer or no longer in production,
e) procurement and warehousing costs.

Redundancy is, in effect, an “in-service” spare part and also affects the spare part strategy.
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